Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


y' 


\\j^^\-\'2Jj ,  \(^ 


JRANSFERRED  TO 
J1N£  ARTS  LIBRARY 


Darvarb  Collede  Xibrar]? 


FROM 


a5*V\^  *^Mxaaac^Aji4^  ChjJ. 


<^     ftv^V^^'-^ft^r 


A 


A^c  XYx'S,  1^ 


¥ 


¥ 


TRANSACTIONS 

OF  THE 

AMERICAN 

CERAMIC 

SOCIETY 


CONTAINING  THE  PAPERS 
AND  DISCUSSIONS  OF  THE 
FOURTH  ANNUAL  MEETING 
HELD  AT  CLEVELAND,  OHIO 
FEBRUARY  tO-IMZ  1902  .A>  ^ 


PUBLISHCD    BY   THC   SOCICTV 
SECRETARY'S  OFFICE.  COLUMBUS,   O 

OCTOSCR     1902 


1 


I 


TRANSACTIONS 


OF  THE 


American  Ceramic  Society 


CONTAINING  THE  PAPERS  AND  DISCUSSIONS 


OF  THE 


FOURTH  annual  MEETING 


HELD  AT 

CLEVELAND,  OHIO, 

FEBY  10-12,  1902. 


The  Society  to  not*  es  an  orcanlzation,  responsible 
for  the  statements  of  fact  or  opinion  expressed 
In  Its  papers  and  discussions. 


PUBUSHBD  BY  TKB  SOCISTY 

SECRETARY'S  OFFICE.        COLUMBUS,  OHIO, 

OCTOBBK  1,   IflOS. 


CoPTKiGirr  OcTOBBB,  1903,  BY  Edwabd  Orton,  J*.    All  Rights  Rbsjrvbd. 


A 


•7  a  ST.  (fe- 


FA   /.6>OZ(f5) 


v^ 


FEB  1  1934 

tlBRA«l 


5  J 


r 
U 


U 


Prbss  of  Hann  &  Adair, 

108  N.  High  St. 

Columbus 


"7 


CONTENTS. 


Page 

OfQcers  of  the  Society  for  the  year  1902 5 

MemberBhip  of  the  Society 6 

Rules 14 

Pablications  of  the  Society 17 

Preface  to  Volume  IV , 1 

PAPERS. 

1.  Retiring  address  of  the  President 19 

By  Chablbs  F.  Binns,  Alfred,  N.  Y. 

2.  Notes  on  the  Fine  Grinding  of  Pottery  Materials 26 

By  Ebnest  Mayeb,  Beaver  Falls,  Pa. 

3.  Crystallized  Glazee 87 

By  '\ViiiLiAM  H.  ZiMMEB,  Ph.  D.,  Coburg,  Germany. 

4.  Stoneware  Slips  or  Engobes 48 

By  Samuel  Geijsbbek,  Denver.  Colorado. 

6.    Stoneware  Glazes 61 

By  Ross  C.  PUBDY,  Columbus,  Ohio. 

6.  Note  on  Fritting 79 

By  STANiiEY  G.  BuBT,  Cincinnati,  Ohio, 

7.  Opportunities  for  Research  in  a  Factory 82 

By  Chables  F.  Binns,  Alfred,  N.  Y. 

i.    The  Composition  of  Porcelain  for  Electrical  Purposes 86 

By  Abthub  S.  Watts,  Findlay,  Ohio. 

9.  The  Use  of  liead  Ores  in  Ceramics 131 

By  Hebbebt  A.  Wheeleb,  E.  M.,  St.  Louis,  Mo. 

10.  Tin  Oxide  in  Ceramic  Fluxes 189 

By  Stanmsy  G.  Bubt,  Cincinnati,  Ohio. 


4  AMEBIOAN  CERAMIC  SOCIETY. 

11.  Note  on  the  Relative  Point  of  Dehydration  of  Pure  and 

Calcareous  Clay 146 

By  William  M.  Kennedy,  Beaver  Falls,  Pa. 

12.  The  Manufacture  of  Artificial  Sandstone 166 

By  Samuel  V.  Peppel,  B.  Sc.,  Columbus,  Ohio. 

18.    Bacterial  Growth  as  a  Factor  in  the  Ageing  of  Clay  Mix- 
tures    188 

By  Edward  C.  Stover,  Trenton,  New  Jersey. 

14.  The  Equipment  of  a  Modern  Paving  Brick  Plant 189 

By  WiLLARD  D.  Richardson,  Cleveland,  Ohio. 

15.  Lead  Fritts  and  their  Adaptation  to  Pottery  Glazes 200 

By  Wilton  P.  Rix,  Newcastle,  England. 

16.  The  Structure  of  Silicate  Mixtures 208 

By  Harrison  E.  Ashley,  S.  B.,  New  Bedford,  Mass. 

17.  The  Belation  Between  the  Constitution  of  a  Clay  and  Its 

Ability  to  Take  a  Good  Salt  Glaze 211 

By  Lawrence  E.  Barringer,  E.  M.,  Schenectady,  N.  Y. 

18.  The  Constitution  of  Chromium-Tin  Pink  230 

By  Walter  A.  Hull,  E.  M.,  Bolivar,  Pa. 

19.  The  Fluxing  Power  of  Mica  in  Ceramic  Bodies 266 

By  Ray  Thomas  Stull,  E.  M.,  Terra  Cotta,  HI. 

20.  Some  Gaps  in  Our  Knowledge  of  Cements.    (A  note) 270 

By  Albert  V.  Bleininger,  B.  Sc,  Columbus,  Ohio. 

21    Notes  on  the  Development  of  Greens  from  Cupric  Oxide  in 

Glazes 278 

By  Francis  W.  Walker,  Beaver  Falls,  Pa. 


AMBBICAN  OBRAHIO  SOOIBTT. 


OFFICERS 

FOB  THB  YEAB  ENDING  FEBBUABY,  1908. 


PBESIDENT, 


ERNEST  MAYER, 


Beaver  Falls,  Pa. 


VICE  PBESIDENT, 

FRANCIS  W.  WALKER, 

aJSCBBTABY, 

EDWARD  ORTON,  Jb.,  E.  M., 


Beaver  Falls,  Pa. 


Columbus,  O. 


tbeasubbb, 


STANLEY  G.  BURT, 


Cincinnati,  O. 


MANAGEBS, 

H.  A.  WHEELER,  E.  M. 

Term  Exptres,  IMS. 

ALBERT  V.  BLEININGER,  B.  So. 

Term  Expires,  1M4. 

ADOLPH  F.  HOTTINGER, 

Term  Expires,  1906. 


St.  Louis,  Mo. 


Columbus,  O. 


Chicago,  nis. 


6  AMBBIOAN  OEBAMIO  BOOIETY. 


HONORARY  MEMBERS. 

Mbs.  Mabia  IjOnqwo&th  Stobbb. 

(Mrs.  Bellamy  Btorer) 

Cinoinnati,  Ohio. 


AKBRIOAN  OBBAMIO  SOOIETY. 


MEMBERS. 


BiNNS,  CHABIiES  F., 

Alfred,  N.  Y. 

Bletningbb,  Albert  V.,  B.  So., 

Columbus,  Ohio. 

BUBT,  ©TANIiBY  G., 

Cincinnati,  Oliio. 

Cannan,  William,  Jb., 

Syracuse,  N.  Y. 

Fiokbs,  Walteb  M.,  E.  M., 

Carnegie,  Pa. 

FiSKB,  J.  Pabkbb,  B.  B., 

Boston,  Mass. 

Gates,  William  D., 

Chicago,  Hi. 

Geijsbebk,  Samuel, 

p.  O.  Box  674.       DenTer,  CoL 

GiBBSEN,  CABL, 

Canton,  Ol&io. 

GoBTON,  Elmeb  E., 

Croton-on-Hudson,  N.  Y. 

Habt,  Edwabd,  Ph.  D., 

Easton.  Pa. 

Hottingeb,  Adolph  F., 

Chicago,  lU. 

Lanoenbeck,  Kabl, 

Matawan,  N.  J. 

LovEJOY,  Ellis,  E.  M., 

Union  Furnace,  Ohio. 

Mayeb,  Ebnebt, 

Beaver  Falls,  Pa. 

Ogle,  Eabl  MoK., 

Indianapolis,  Ind. 

Obton,  Edwabd,  Jb.,  E.  M., 

Columbus,  Ohio. 


Director  New  York  State  School 
of  Clayworklng  and  CeramicB. 

Instraotorin  Ceramics,  Ohio  State 
University. 

Rook  wood  Pottery  Company. 

Onondaga  Pottery  Company. 

Bosslyn  Brick  Company. 

Fiske  Brick  Company,  Dover 
Point,  N,  M. 

American  Terra  Cotta  and  Cer- 
amic Company. 

Ceramic  Expert. 

Brick  Mannfactnrer. 

Salesman,  W.  A.  UnderhUl  Brick 
Company. 

Professor  of  Chemistry,  Lafayette 
College. 

Northwestern  Terra  Cotta  Co. 

Mosaic  Tile  Company. 

Columbus  Brick  and  Terra  Cotta 
Company. 

Mayer  Pottery  Company. 

United   States  Encaustic    Tile 
Works. 

Director,  Department  of  Ceramics, 
Ohio  State  University. 


8 


▲MEBICAK  CBBAMIO  SOOIETT. 


Pabb,  James, 

Syracuse,  N.  Y. 

Peppel,  Samuel  Vernon, 

Columbus,  Ohio. 

PUBDY,  BOSB  C, 

Columbus,  Ohio. 

BlOHABDSON,  WlULABD  D., 

Clereland,  Ohio. 

Bibs.  Heinbich,  Ph.,  D., 

Ithaca,  N.  Y. 

Stoveb,  Edwin  C, 

Trenton,  N.  J. 

Walkeb,  Fbancis  W., 

Beaver  Falls,  Pa. 

Wattb,  Abthub  8., 

Flndlay,  Ohio. 

WhebiiBB,  Hbbbebt  a.,  £.  M., 

St.  Louis,  Mo. 

ZiMMEB,  William  H.,Ph.  D., 

Cobuig,  Germany. 


Onondaga  Pottery  Company. 

Ghemlst,  Ohio  Geological  Surrey. 

Private  Assistant   to  Professor 
Edward  Orton,  Jr. 

Brick  Manufacturer. 

Associate  Professor  of  Economio 
Geology,  Cornell  University. 

Trenton  Potteries  Company. 

Beaver  Falls  Art  Tile  Company. 

Chemist,  Bell  Pottery  Co. 

Consulting  Engineer  Mining  Met- 
allurgical and  Ceramic  Work. 

Bedaction  Sprechsaal. 


AMBBIGAN  CBBAMIO  SOOIBTY. 


0 


ASSOCIATE  MEMBERS 


AiiBiCH,  John  C, 

Pittsbors,  Pa. 

BliOOMFIELD,  ChABIjBS,  A., 
68  Qnincy  St.,  Brooklyn,  N.  Y. 

Bowman,  Bobbbt  K., 

Teuton,  N.  J. 

Bowman,  Wh^lam  J.  J.,  C.  E., 

Trenton,  N.  J. 

BBiBaLEB,  Otto  Wilh.  Gttstav, 

Amsterdan,  (Holland.) 

Bbitton,  Db.  ObaaiiBB  P., 

Trenton,  N.  J. 

BUBOESS,  WlIiUAM,  M  Sc., 
Trenton,  N.  J. 

CAMPBBiiL,  Augustine  R., 

Tottenville,  Staten  Island,  N.  Y. 

Cabteb,  Owen, 

"  Wykeham."  Poole,  England. 

DiEDBIOK,  WiLXilAM  H. 
East  Liverpocd,  Ohio. 

EdWABBS,  Cl^ABBNOB  J.,  B.  SO., 
Newberg,  Oregon. 

EttIiA,  Qbobge  8., 

SVATT,  FBANKS,  G., 

101  Tremont  St.,  Boston,  Mats. 

Febgubon,  SillAs  M., 

WellsYiUe,  Ohio. 

FoBST,  Abthub  D.,  B.  8., 

Morrisville,  Pa. 

Fbanzmeim,  Ghablbs, 

Wheeling.  W.  Ya. 

Fbbbiohs,  WHiLiAM  D., 

TottenTille,  Suten  Island,  N.  Y. 

Gatbs,  EiiLis  Day, 

Terra  Cotta,  111. 


8tarEnoaufitic  Tile  Company. 

Dealer  Id  Clays. 

Treas.  Trenton  Fire  day  A  Porce- 
lain Company. 

Trenton  FireClay  and  Porcelain 
Company. 

Manufacturer  of  Earthenware. 

8tar  Porcelain  Works. 

International  Pottery  Company. 

Atlantic  Terra  Cotta  Company. 

Carter  Encaustic  Tile  Works. 

Sevres  China  Company. 

Newberg  Press  Brick  Company. 

8ec*y  and  Treas.  Clearfield  Clay 
Working  Co. 

Dealer  in  Building  Materials. 

United  8tates  Pottery  Company. 

Eobertson  Art  Tile  Company. 

Wheeling  Pottery  Company. 

Atlantic  Terra  Cotta  Company. 

American  Terra  Cotta  and 
Ceramic  Company. 


10 


AMEBIOAN  OEBAMIO  80CIBTY. 


Gate»,  William  P., 

Terra  Cotta,  111. 

GOLDINO,  Charlbs  E. 

Trenton,  N.  J. 

Gbat,  Thomas, 

East  Boston,  Mass. 

Hamilton,  Peboy  C, 

No.  836  Fourth  Ave.,  Pittsbuiv,  Pa, 

Habbib,  Chableb  T. 

New  York,  N.  Y. 

Habbubo,  John  W., 

688  Fullerton  Ave.,  Chicago,  111. 

Hasblacheb,  Jacob, 

New  York,  N.  Y. 

Haugh,  B.  O. 

Anderson,  Ind. 

Hauoh,  Habby, 

Anderson,  Ind. 

Henbel,  Otto, 

Chicago  Heights,  111. 

HlOE,  BiCHABD  B., 

Beaver,  Pa. 

Hull,  Wai/tbb  A., 

Bolivar,  Pa. 

Hunt,  William  H. 

Cleveland,  Ohio. 

JuNOE,  William  H. 

Chicago,  111. 

Koch,  Chablbb  Fbedebich, 

Covington,  Ky. 

Kbehbiel,  Juniub  F., 

Delevan,  N.  Y. 

Lawbhe,  Alfbbd, 

Trenton,  N.  J. 

LiNDEB,  MiBS  Nora, 

No.  688  Randolph  Bldg.,  Memphis,  Tenn. 

lilNDEROTH,  SVK^., 

Chicago,  lU. 

Locke,  Fbederick  M., 

Victor.  N.  Y. 


American  Terra  Gotta  and   Cer- 
amic Ck>mpany. 

Manager  William    Golding   Sons 
Co. 

New  England  Pottery  Company. 

Manufacturer  Sewer  Pipe. 

Celadon  Roofing  Tile  Company. 

Dealer  in  Ceramic  Materials. 

Boessler  and  Hasslacher  Chemi- 
cal Company. 

Manager,  Columbia  Encaustic  Tile 
Company. 

Supt.,   Columbia   Encaustic  Tile 
Company. 

Ludowici  Hoofing  Tile  Company. 
Fallston  Fire-clay  Company. 

With    the   Reese-Hammond  Fire 
Brick  Co. 

Cleveland  Hydraulic  Pressed 
Brick  Company. 

Northwestern  Terra  Cotta  Co. 

Cambridge  Tile  Manufacturing  Co. 

Student,  New  York  School  day- 
working  and  Ceramics. 

Supt.  and  Mgr.,  Trent  TUe  Works. 

Ceramic  Decorator. 

Alhambra  Ceramic  Works* 

Manufacturer  Porcelain  Insula- 
tors. 


▲MBBIOAN  OEBAMIO  80CIETT. 


11 


IiiTDiiOW,  Stbphbn  H., 

Parma,  Mich. 

MaDDOCK,  ASCHIBAIiD  M., 

Trenton.  N.  J. 

Maddock,  Thomas, 

XrcntoUt  M.  J. 

Madix>ck,  John, 

Trenton,  N.  J, 

McBban,  Athole, 

ltt8  Market  St.,  San  Francisco,  CaL 

MgRat,  John  T., 

Brazil,  Indiana. 

Mn>Di<ETON,  Jefferson, 

Washington,  D.  C, 

Moses,  James, 

Trenton,  N.  J. 

Pabker,  Lemon, 

St.  Louis,  Mo. 

PiANT,  Alfred, 

Keyport,  N.  J. 

Pope,  Charles  A., 

Trenton,  N.  J. 

Powell,  Willl^m  H., 

New  York,  N,  Y. 

PURINOTON,  DiLWYN  V., 

Chicago,  111. 

Ramsey,  Andrew, 

Mt.  Savage,  Maryland, 

BANDALii,  Theodore  A., 

IndianapoUs,  Ind. 

Rautbr,  Dr.  Gustav, 

Chariottenberg  4,  Berlin. 

Biz,  Wiim>N  Parker, 


Chemist  Peninsular  Portland  Ce- 
ment Co. 

Thomas  Maddook  A  Sons. 


John  Maddock  A  Sons. 

John  Maddock  A  Sons. 

Sec^y  and  Treas.  Gladding  McBean 
A  Co. 

McRay  Clay  Company. 

Statistician,  United  States  Geo- 
logical Survey. 

Mercer  Pottery  Company. 

Parker-Bussel  Mining  and  Manu- 
facturing Company. 

Eagle  Tile  Company. 
Trenton  Fire  Brick  Company. 
Excelsior  Terra  Cotta  Company. 
Pres.  Purington  Paving  Brick  Co. 
Mt.  Savage  Enameled  Brick  Co. 
Editor  "day-worker." 
Engineering  Chemist. 
Consulting  Ceramist. 


•4  LhrerpooC  Road,  Newcastle,  Staffordshire,  England. 


RoBssLER,  Franz. 

100  William  St.,  New  York,  N.  Y. 

RcTSSBLL,  Joseph, 

1101  Queen  St.,  East,  Toronto,  Canada. 

Shaw,  Frances  D., 

^017  Edgewood  Ave.,  TVenton,  N.  J« 


Vice  Pres,,  and  Supt.,  Boessler  A 
Hasslacher. 

Brick  Manufacturer. 


Shaw  Vitreous  Enamel  Co. 


18 


AMHBIOAN  OmUAMlO  SOCIBITT. 


SiMPKINS,  RAJLPH, 

St.  Louis,  Mo. 

SKEBIiE,  H.B., 

CUcj«o»  lU. 

Smith,  Ambdbb  M., 

Portland,  Oregon. 

Stamm,  John, 

East  Liverpool,  Ohio. 

Stanbeby,  Qbobob  a., 

Zanetrille,  Ohio. 

Sweet,  Geobob  A.,  F.  G.  S., 

Brunswick,  Victoria,  Australia. 

TATIiOB,  WiLLLAM  WATTB, 

Cincinnati,  Ohio, 

Thomas,  David  C, 

WellsTiUe,  Ohio. 

TOWNSEIH),  EVEBETT, 
MorriivUle,  Pa. 

Tbommeb,  Gabl  E., 

New  York,  N.  Y. 

YANBBIGOIiE,  ABTUB, 

Colorado  Springs,  Colo. 

VOEIiOKEB,  GUBTAV, 

Lancaster,  N.  Y. 

Walkeb,  John  A., 

Jersey  City,  N.  J. 

Whitehbad,  C,  Louis, 

Trenton,  N.  J. 

Williams,  Iba  A.,  B.  S., 

Ames,  Iowa. 

Yates,  Alfbed, 

Johnsonburg,  Pa. 


Manager  Union  Press  Briok  Wks. 

Ladowloi  Roofing  Tile  Ck>mpany. 

Western  day  Manufacturing  Ck>. 

General  Manager  National  China 
Company. 

American  Encaustic  TUe  Com- 
pany, Ltd. 

"The  Close,"  Wilson  St. 

President  Bookwood  Pottery  Co. 

United  States  Pottery  Company. 

Bobertson  Art  Tile  Company. 

Boessler  and  Hasslacher  Chemi- 
cal Comx>any. 

Pres.  Van  Briggle  Art  Pottery  Co. 

Lancaster  Face  Brick  Company. 

Joseph  Dixon  Crucible  Company. 

Providential  TUe  Works. 

Ceramic  Department,  Iowa  State 
University. 

Johnsonburg  Vitrified  Brick  Co. 


▲SCERIOAN  OEBAMIO  SOOIBTY.  18 


RULES. 


OBJECTS. 

The  objects  of  the  American  Ceramic  Society  are  to  promote  the 
arts  and  sciences  connected  with  Ceramics  by  means  of  meetings  for 
social  interconrse,  for  the  reading  and  discussion  of  professional 
papers,  and  for  the  pnbiioation  of  professional  literature. 

HBMBBBSHIP. 

The  Society  shall  consist  of  Honorary  Members,  Members  and 
Associates. 

Honorary  Members  must  be  persons  of  acknowledged  pro- 
fessional eminence,  and  shall  not  exceed  five  in  number. 

Members  shall  be  persons  competent  to  fill  responsible  positions 
in  Ceramics  and  have  suitable  qualifications. 

Associates  shall  include  persons  interested  in  Ceramics  and  the 
allied  arts. 

Honorary  Members  shall  be  proposed  by  at  least  five  Members, 
approved  by  the  Council,  and  receive  at  least  90  per  cent,  of  the 
votes  cast  by  letter  ballot  at  the  annual  meeting. 

Members  and  Associates  shall  be  proposed  by  at  least  three 
Members  or  Associates,  approved  by  the  Council,  and  receive  at 
least  76  per  cent,  of  the  votes  cast  by  letter  ballot.  A  candidate  for 
admission  must  make  application  on  a  form  prepared  by  the  Council 
which  shall  contain  a  written  statement  of  his  age,  professional 
experience,  and  that  he  will,  if  elected,  conform  to  the  laws,  rules, 
and  requirements  of  the  Society. 

All  Honorary  Members,  Members  and  Associates  shall  be 
equally  entitled  to  the  privileges  of  membership,  except  that  only 
Members  shall  be  entitled  to  hold  office  and  to  vote.  Applicants  for 
a  change  in  g^ade  of  membership  shall  conform  to  the  requirements 
of  a  new  applicant. 

Any  person  can  be  stricken  from  the  membership  of  the  Society 
on  the  request  of  five  or  more  Members,  on  the  recommendation  of 
a  majority  of  the  Council,  if  he  fails  to  resign  on  the  advice  of  the 
Council.  Such  person,  however,  shall  first  be  notified  of  the  charges 
against  him,  and  be  given  a  reasonable  time  to  appear  before  the 
Council,  or  present  a  written  defense,  before  final  action  is  taken  by 
the  Council. 
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DUBS. 

Honorary  Members  shall  be  exempt  from  all  dues. 

The  initiation  fee  of  Members  shall  be  ten  dollars,  and  of 
Associates  five  dollars,  which  if  not  paid  within  six  months  after 
election,  will  render  the  election  void. 

The>nnual  dues  for  Members  will  be  fixed  by  the  Council,  but 
shall  not  exceed  flye  dollars  per  year. 

The  annual  dues  for  Associates  will  be  fixed  by  the  Ck>uncil,  but 
shall  not  exceed  four  dollars  per  year. 

Any  Member  or  Associate  in  arrears  for  over  one  year  may  be 
suspended  from  membership  by  the  Council  until  such  arrears  are 
paid. 

OFFIOEBS. 

The  affairs  of  the  Society  shall  be  managed  by  a  Council,  con- 
sisting of  a  President,  Vice  President,  Secretary,  Treasurer,  and 
three  Managers,  who  shall  be  elected  from  the  members  at  the 
annual  meeting,  and  hold  office  until  the  adjournment  of  the  meet- 
ing at  which  their  successors  are  elected. 

The  President,  Vice  President,  Secretary  and  Treasurer  shall  be 
elected  for  one  year,  and  the  Managers  for  three  years;  and  no 
President,  Vice  President,  or  Manager  shall  be  eligible  for  immedi- 
ate re-election  to  the  same  office. 

The  duties  of  all  officers  shall  be  such  as  usually  appertain  to 
their  offices,  or  may  be  delegated  to  them  by  the  Council  or  the 
Society;  and  the  Council  may  at  its  discretion  require  bonds  to  be 
furnished  by  the  Treasurer. 

Vacancies  in  any  office  shall  be  filled  by  appointment  by  the 
Council,  butithe  new  Incumbent  shall  not  thereby  be  rendered  ineli-. 
g^ble  to  re-election  at  the  next  annual  meeting  to  the  same  office. 
On  the  failure  of  any  officer  to  execute  his  duties  within  a  reason- 
able time,  the  Council,  after  duly  warning  such  officer,  may  declare 
the  office  vacant,  and  appoint  a  new  incumbent. 

A  majority  of  the  Council  shall  constitute  a  quorum;  but  the 
Council  shall  be  permitted  to  carry  on  such  business  as  it  may 
desire  by  letter. 

BliBGTIONS. 

At  the  annual  meeting,  a  nominating  committee  of  five  Mem- 
bers, not  officers  of  the  Society,  shall  be  appointed,  and  this  com- 
mittee shall  send  the  names  of  nominees  to  the  Secretary  at  least  00 
days  before  the  annual  meeting,  who  shall  immediately  forward  the 
same  to  the  Members.  Any  other  five  members  may  also  present 
the  names  of  any  candidates  to  the  Secretary,  provided  it  is  done  at 
least  80  days  bef or  the  annual  meeting.  The  names  of  all  candi- 
dates, provided  their  assent  has  been  obtained,  shall  be  placed  on 
the  ballot  without  distinction  as  to  nomination  by  the  regular  ^  an 
independent  nominating  committee,  which  shall  be  mailed  to  every 
member,  not  in  arrears,  at  least  20  days  before  the  annual  meeting. 
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The  ballot  shall  be  inclosed  in  an  inner  blank  envelope,  and  the 
oater  enyelope  shall  be  endorsed  by  the  voter,  and  mailed  to  the 
Secretary  for  collection.  The  blank  envelopes  shall  be  opened  by 
three  ScratineerB  appointed  by  the  Chair  at  the  annual  meeting, 
who  will  report  the  result  of  the  election.  A  plurality  of  the  votes 
oast  shall  elect. 

MEBTINGS. 

The  annual  meetings  shall  take  place  at  such  time  and  place  as 
the  Council  may  decide,  at  which  time  reports  shall  be  made  by  the 
Council,  Treasurer,  and  Bcrutineers  of  election,  and. the  accounts  of 
the  Treasurer  audited  by  a  committee  of  three  appointed  by  the 
Chair. 

Other  meetings  may  be  held  at  such  times  and  places  during  the 
year  as  the  Council  may  decide,  but  at  least  20  days'  notice  shall  be 
given  of  such  meetings. 

Seven  Members  shall  constitute  a  quorum  at  any  regular  meet- 
ing, and  a  majority  shall  rule,  except  where  otherwise  specified. 

The  order  of  business  at  the  annual  meeting  shall  be  :— 

1.  Beading  of  Minutes  of  last  meeting. 

2.  Reports  of  the  Council  and  Treasurer  of  the  Society. 

3.  Announcement  of  Election  of  Members. 
i.    Announcement  of  Election  of  OfELcers. 

» 

6.  Appointment  of  Nominating  Committee. 

6.  Old  Business. 

7.  New  Business. 

8.  Beading  of  Papers. 

PUBLICATIONS 

The  Council  shall  act  as  a  Publication  Committee,  and  decide  as 
to  what  to  publish.  The  publications  of  the  Society  shall  be  sent  to 
aU  Members  and  Associates  not  in  arrears.  The  Secretary  will 
furnish  each  author  with  reprints  of  his  papers  at  cost  price,  pro- 
vided due  notice  is  given  that  reprints  are  desired. 

The  Society  is  not,  as  a  body,  responsible  for  the  statements  or 
opinions  expressed  in  its  publications. 

PABUAMBNTABY  8TANDABD. 

Boberts'  '*  Bules  of  Order  '*  shall  be  the  parliamentary  standard 
on  all  points  not  covered  by  these  rules. 

AMBKDMBNTS. 

These  rules  may  be  amended  at  any  regular  meeting  by  a  two- 
thirds  vote  of  a  letter  ballot  at  the  subsequent  annual  meeting  pro- 
vided a  written  notice  of  such  proposed  change  is  sent  to  each 
Member  at  least  80  days  before  said  annual  meeting.  Said  proposed 
amendments  shall  be  printed  on  the  ballot  tor  ofELcers  and  counted 
by  the  same  Scrutineers. 
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PUBUCATIONS. 

The  publications  of  the  Society  are  as  follows : 


DBSORIPTION  OF  VOLUME. 


Vol.  I.    Transactions  for  1899, 110  pages, 
bound  in  paper, 

Vol.  II.    Transactions  for  1900, 278  pages, 
bound  in  paper, 

Vol.  Ill   Transactions  for  1901, 280  pages, 
bound  in  paper. 

Vol.  rv.  Transactions  for  1902, 300  pages, 
bound  in  paper, 

Manual  of  Ceramic  Calculation  (contain- 
ed in  Vol.  II  as  a  part  thereof,)  86 
pages,  bound  in  paper. 

The  Collected  Writings  of  Dr  Hermann 
August  Soger,  Volume  I,    Contains 

(A)  Treatises  of  a  general  scientific 
nature,  (B)  Essays  relating  to  Brick 
and  Terra  Cotta,  Earthenware  and 
Stoneware,  and  Refractory  Wares. 
Pages  552.    Bound  in  cloth. 

The  Collected  Writings  of  Dr.  Hermann 
August  Seger,  Volume  II.     Contains 

(B)  Essays  on  Whitewares  and  Por- 
celain. (C)  Travels,  Letters  and 
Polemics.  (D)  Uncompleted  works, 
and  extracts  from  the  archives  of  the 
Boyal  Porcelain  Factory.  Pages  690 
(est).    Bound  in  cloth. 


Price  to 
Mombert. 


S0.50 


2.00 


1.00 


1.60 


1.00 


7.60 


7.60 


Price  to 
Otiiort 


$4.00 


4.00 


4.00 


4.00 


1.00 


7.60 


7.50 


Every  member  or  associate  receives  one  copy  of  the  Transactions 
free  for  each  year  for  which  he  pays  dues.  He  is  entitled  to  pur- 
chase copies  for  the  years  antedating  his  connection  with  the  Society 
at  the  costs  indicated  in  the  first  column.  All  others  can  obtain 
copies  at  the  prices  listed  in  the  second  column  by  sending  order, 
accompanied  with  check,  to 

STANLEY  G.  BURT, 

Care  of  Book  wood  Pottery  Co., 

CiKOiNNATi,  Ohio. 
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PREFACE 

The  following  pages  contain  the  papers  and  discussions  of  the 
Fourth  Annoal  Meeting,  held  at  Cleveland,  Ohio,  February  10th, 
Uth  and  12th,  1902. 

In  addition,  a  new  departure  has  been  made  in  this  volume,  in 
publishing  a  number  of  articles  and  contributions  which  have  not 
been  read  before  the  Society,  and,  in  fact,  were  not  prepared  at  the 
date  of  the  meeting.  This  policy,  it  is  hoped  and  believed,  will  be 
the  first  step  towards  relieving  the  pressure  of  our  meetings,  in 
which  it  has  grown  more  difficult  each  year  to  hear  all  of  the 
papers  and  discussions  offered.  As  the  Society  grows  in  importance 
and  influence,  it  will  surely  reach  a  point  where  only  the  papers  of 
unusual  general  interest  will  be  read  at  the  meetings,  and  the  others 
will  be  read  by  title  and  published.  The  progressive  intricacy  of 
the  papers  already  presented  has  shown  very  clearly  that  it  is  only 
in  occasional  cases  that  masses  of  technical  facts  can  be  made 
intelligible  by  reading  aloud,  while  they  readily  can  be  compre- 
hended when  put  in  print. 

From  this  point  of  view,  therefore,  as  well  as  the  number  and 
quality  of  papers,  it  seems  that  this  is  by  all  means  the  best  year's 
work  yet  accomplished  by  the  Society.  In  addition,  it  may  be  said 
that  the  volume  would  have  been  improved  by  the  addition  of  two 
other  articles,  one  of  more  than  general  interest  to  brickmakers,  had 
not  the  time  limits  urgently  required  that  this  book  be  sent  out 
without  delay.  It  is  expected  that  one  or  both  of  these  articles  will 
still  be  printed  and  distributed  as  a  bulletin,  between  this  date  and 
that  of  the  next  annual  meeting. 

The  growth  of  the  Society  has  continued  rapid  and  good. 
The  members  seem  enthusiastic,  and  certainly  gives  one  evi- 
dence of  this  fact  in  maintaining  their  connection  with  very  few 
withdrawals  for  any  cause.  The  continued  increase  in  foreign 
membership  is  noted  with  g^atiflcation. 

The  announcement  of  the  facts  concerning  the  publications  has 
been  given  a  separate  page  in  this  issue. 

EDWARD  ORTON,  Jb., 
CoiiUMBTTB,  O.,  Oct.  1, 1902.  Secretary. 


THE  PROGRESS  OF  THE  CERAMIC  ART* 

ADDRB88  BT  THE  BETIBINO  PBESIDBin?, 

CHARLES  p.  BINN8,  Ai.fbbd,  N.  Y. 

It  is  well,  in  any  walk  of  life,  as  we  pass  the  posts  which 
mark  our  progress,  to  look  backward  and  around,  that  we 
may  take  a  broad  and  comprehensive  view  of  the  field  we 
occupy.  The  work  done  by  our  competitors  and  neighbors 
should  concern  us  at  least  to  some  extent  and  even  if  we 
dash  in  rivalry,  we  can  find  evidence  of  mutual  interest  and 
possibly  help. 

Progress  can  be  measured  from  three  widely  difiering 
standpoints:  the  artistic,  the  technical  and  the  commercial. 
In  most  cases  the  final  arbitrament  is  found  in  the  last,  for 
it  can  be  said  with  some  measure  of  truth,  that  art  and 
science  are  successful  in  manufacture  only  in  so  far  as  they 
prove  financially  sound.  But  this  not  entirely  true.  Beau- 
tiful work  is  regardless  of  cost  and  no  amount  of  money  ex- 
pended can  of  itself  make  an  artistic  product.  The  fact  is 
also  self-evident  that  artistic  wares  can  be  made  at  a  finan- 
cial sacrifice.  In  other  words,  a  product  may  be  artistic 
whether  the  manufacture  pays  or  not,  and  a  profitable  line  is 
not  necessarily  artistic. 

The  same  is  true  to  a  less  extent  of  technical  success. 
To  a  less  extent,  because  science  is  more  readily  controlled 
than  art.  The  artistic  faculty  is  subtle  and  elusive,  the 
scientific  is  exact  and  material.  But  neither  is  scientific 
and  technical  success  to  be  measured  entirely  by  money. 
Our  best  research  is  carried  on  independently  of  financial 
considerations  and  an  improvement  in  quality  or  manufacture 
is  not  necessarily  a  means  of  making  money. 

Commercial  success,  is  of  course,  measured  by  the  dol- 
lar. The  man  who  can  make  the  most  profitable  ware  and 
sell  the  largest  quantity  of  it  is  the  most  successful  commer- 
cial man. 
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Prom  these  points  of  view  then  let  us  take  a  glance  over 
the  progress  of  the  world  in  recent  times. 

It  must  here  be  noticed  that  in  some  of  the  most  marked 
advances  it  is  difficult  to  say  whether  the  artistic  or  the 
technical  is  the  more  concerned.  The  former  is  the  more 
obvious,  certainly,  but  the  latter  is  fully  as  important.  The 
work  displayed  by  the  National  manufactory  of  Sevres  at 
the  Paris  Exposition  of  1900  was  the  finest  exhibit  of  hard 
porcelain  ever  shown.  Technically  perfect,  it  was  artistically 
fine^  but,  of  course,  wo^ld  be  called  a  commercial  failure. 
The  Royal  Copenhagen  factory  has  work  which  is  equally 
fine,  though  very  different.  This  factory  claims  a  new  body 
for  plates  and  dishes  which  is  much  lighter  than  the  old,  with- 
out any  counter-balancing  disadvantage.  In  sucb  a  matter 
as  this,  the  technical,  of  course,  overshadows  the  artistic,  and 
in  fact,  for  reasons  already  stated,  the  artistic  advance  is  far 
less  easily  defined.  Art  is  a  matter  not  of  a  new  discovery, 
but  of  a  particular  expression.  It  is,  in  fact,  the  soul  of  a 
production,  while  the  technical  is  merely  the  frame  or  body. 

In  illustration  of  this,  let  notice  be  taken  of  the  modern 
English  wares.  There  is  practically  no  technical  variation 
in  the  product  of  half  a  dozen  of  the  leading  factories  and 
yet  some  are  more  approved  than  others  simply  because  of  a 
finer  artistic  sense. 

The  minute  variation,  the  subtle  touch  which  may  make 
or  mar  a  work  of  art  cannot  be  defined,  nor  is  it  to  be 
located  by  any  scientific  method. 

Of  European  technical  advance  we  have  little  opportun- 
ity of  judging  as  regards  coarse  wares,  for  there  is  practi- 
cally no  competition  with  us  in  the  matter.  In  large 
measure,  the  older  methods  are  used  and  the  low  price  of 
labor  renders  the  employment  of  modern  machinery  unnec- 
essary. Hand-moulded  brick  are  still  in  the  lead  in  England 
and  many  of  the  lines  of  work  would  be  considered  antiqua- 
ted even  in  the  slowest  American  brickyards. 

In  fine  terra-cotta.  Prance  takes  the  lead ;  the  produc- 
tions of  MuUer,  of  Paris,  stand  very  high  both  in  art  and 
technique.  Germany  can  match  the  work  probably,  but  not 
the  spirit.    It  is  an  interesting  study  for  those  concerned  as 
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to  why  most  German  work  is  artistically  so  poor  and  most 
French  so  fine.  Moreover,  the  Germans  seem  to  be  able  to 
make  more  money  out  of  their  technical  knowledge  than  the 
French  of  their  art.  Take  for  example  the  flood  of  cheap 
bric-a-brac  with  which  the  Germans  are  covering  this  coun- 
try. One  can  but  admire  the  technical  excellence  of  the 
work,  the  composition  of  body  and  glaze  and  the  simplicity 
of  manufacture,  while  at  the  same  time  the  paucity  of  artis- 
tic idea  is  most  evident.  These  goods  are  sold  at  such  tri- 
fling cost  that  when  the  sixty  per  cent,  duty,  the  freight  and 
the  packing  are  considered,  one  wonders  what  price  the 
manufacturer  secured,  to  say  nothing  of  the  amount  received 
by  the  wage-earner. 

The  production  of  ceramic  wares  in  the  United  States 
is  naturally  of  the  more  immediate  interest  to  ourselves  for 
not  only  are  we  concerned  in  the  manufacture,  but  the  suc- 
cess of  our  work  will  of  necessity  diminish  the  importation 
of  competing  wares. 

Some  of  our  manufacturers  are,  happily,  free  from  the 
worry  of  foreign  competition,  but  they  will  doubtless  claim 
special  and  peculiar  troubles.  No  day-worker  has  a  monop- 
oly of  worry,  but  each  claims  to  have  a  special  heritage  of  it 
in  some  individual  and  peculiar  right.  The  brick-maker  has 
the  field  to  himself — until  his  neighbor's  territory  is  reached, 
but  he  has  to  give  his  product  away  in  order  to  meet  his 
pay-roll.  The  maker  of  finer  wares  gets  a  fair  price,  but 
the  stores  are  filled  with  foreign  importation,  and  so  it  goes. 

It  is  probably  without  question  that  the  manufacture  of 
building  material  in  this  country  is  ahead  of  anything  else- 
where. Brick  of  every  description,  common  and  front, 
glazed  and  enameled,  fire  proofing  and  terra-cotta,  roofing 
tile  and  wall  tile  as  well  as  paving  brick  are  made  here  in 
great  perfection  and  the  lines  of  drain-tile,  sewer-pipe  and 
electric  conduits  run  them  very  close.  In  fact,  where  the 
successful  product  depends  upon  an  intelligent  application 
of  engineering,  the  American  is  well  to  the  front.  Here,  the 
artistic  element  scarcely  appears,  except  in  the  matter  of 
terra*cotta,  but  the  technical  and  mechanical  skill  involved 
is  of  a  very  high  order.    Mention  should  be  made  here  of 
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the  successful  manufacture  of  porcelain  baths  and  sinks.  But 
a  short  while  ago  we  imported  all  our  supply  of  these  com- 
modities; but  now,  such  is  the  advance  made,  we  are  exporting. 
It  should  perhaps  be  explained  that  "  porcelain  '^  is  only  a 
name.  The  body  is  a  refractory  clay  which  is  coated  with  a 
white  slip  and  a  clear  glaze,  the  whole  being  burned  at  one 
and  the  same  time.  The  result  is  a  compact,  impervious 
ware  which,  if  somewhat  heavy,  is  practically  everlasting. 

In  terra-cotta  and  wall-tile  great  advances  have  been 
made  in  the  matter  of  glazes.  Bvery  prominent  factory 
now  has  a  full  line  of  tints  both  mat  and  bright,  many  of 
them  very  beautiful.  The  problems  involved  in  each  case 
differ  somewhat  in  that  terra-cotta  is  glazed  almost  entirely 
upon  the  unbumed  clay,  while  tile  being  mainly  dust  pressed 
must  of  necessity  be  fired  before  glazing. 

In  the  finer  branches  of  ceramic  art  we  are  bound,  if 
honest,  to  confess  a  certain  weakness.  There  are  many 
among  the  ranks  of  the  connoisseurs  who  ask  skeptically 
whether  America  can  make  fine  pottery,  and  they  emphasize 
their  doubt  by  saying  that  the  necessary  clay  is  not  found  in 
the  United  States.  We  who  are  engaged  in  utilizing  native 
days  know  better,  but  given  the  material,  can  we  make  fine 
pottery?  In  reply,  we  point  with  pride  to  Rookwood  but 
are  asked  if  a  solitary  example  demonstrates  the  ability  of 
the  nation.  It  does,  provided  the  necessary,  conditions  are 
observed.  Here  allow  me  to  digress  for  a  moment,  not  in 
defence  of  Rookwood — that  were  quite  unnecessary — but  in 
criticism  and  even  condemnation  of  the  shameless  copyist, 
who  imitates  body,  glaze  and  coloring  and  claims  something 
just  as  good  at  one-third  the  price.  I  hold  no  brief  for 
Rookwood  and  my  criticism  would  be  just  as  severe  upon 
any  copyist.  He  plunders  the  brain  and  thought  of  the 
master  mind,  he  seizes  upon  the  external  features,  those 
that  can  be  easily  and  cheaply  pirated.  He  ignores  or 
slaughters  the  soul  audi  all  that  makes  the  work  really  valu- 
able, and  carries  out  his  impudent  imitation  only  to  make 
money.  Do  we  not  sometimes  despair  for  the  commercial 
morality  of  our  people  when  such  things  are  done  and  ap- 
proved as  being  smart  or  clever.     But  there  is  a  point  of 
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satisfaction  in  this  cruel  competition :  it  is,  that  Rookwood 
by  virtue  of  her  superiority  of  resource,  can  move  faster  than 
the  pirates,  and  in  this  is  her  real  safety.  Pine  work  such 
as  this  is  spontaneous  and  exuberant,  the  originator  soars 
triumphantly  upward  while  the  slow  herd  of  copyists  floun- 
der laboriously  below. 

In  the  manufacture  of  household  pottery  there  is  matter 
both  for  regret  and  congratulation.  The  wares  classed  by 
the  hired  girl,  conveniently  and  comprehensively,  as 
^'dishes,"  are  produced  here  in  large  quantities,  and  the 
matter  for  regret  is,  that  they  are  generally  so  devoid  of 
artistic  merit.  A  glance  through  the  advertising  pages  of 
any  trade  journal  will  reveal  shapes,  classed  as  ^^new"  which 
are  simply  a  rehash  of  similar  things  and  which  are  evi- 
dently modeled  in  view  of  the  sagger  and  stilt.  Just  what 
will  make  easily,  fire  safely,  and  hold  something  inside  while 
in  the  kiln. 

Nevertheless  the  manufacturers  may  be  congratulated  in 
that  the  use  of  American  materials  is  extending,  the  bug- 
*  bear  of  crazed  goods  is  disappearing  and  the  woiks  are 
being  run  at  a  profit.  There  remains,  naturally,  some  con- 
siderable number  in  the  ranks  of  the  non-progressive  and 
even  of  the  wilfully  blind.  Every  now  and  then  the  ceramic 
world  is  startled  by  the  announcement  that  a  remedy  for 
crazing  has  been  found,  a  magic  solution  which,  added  to 
the  dipping  tub  will  banish  forever  the  phantom  of  craze 
while,  had  the  discoverer  only  read  the  current  technical 
literature,  he  would  long  ago  have  found  that  magic  is  quite 
unnecessary  and  that  science  has  already  exorcised  the 
demon  and  only  an  imaginary  ghost  remains  to  those  who 
keep  their  eyes  shut. 

The  greatest  advance  of  recent  years  is  in  the  matter  of 
hotel  china.  This  is  a  distinct  outgrowth  of  American 
enterprise  and  skill.  There  had  long  been  a  dissatisfaction 
with  French  china.  The  ware  was  brittle  and  took  long  to 
replace.  When,  therefore,  the  American  potter  came  forward 
with  a  tough  ware — not  an  imitation,  but  a  native  success — 
he  was  welcomed  by  the  hotels  using  large  quantities  of 
table  goods.     By  one  factory  after  another  the  problem  has 
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been  taken  np  and  solved.  Harder  fires  gave  stronger  wares, 
better  clays  gave  better  texture  and  color,  improved  methods 
gave  better  glazes  until  the  American  hotel  china  in  tech- 
nical quality  and  fitness  for  its  purpose  stands  unrivalled  in 
the  world. 

Once  more  it  is  laid  upon  me  to  raise  the  lament  that 
we  do  not  make  fine  porcelain.  Hotel  china,  Belleek,  Faience^ 
each  has  its  place  but  the  lover  of  American  ceramics  can- 
not handle  fine  specimens  of  European  wares  without  a 
pang  of  regret.  Why  is  the  like  not  made  here?  We  have 
the  finest  clays,  the  best  workmen,  the  greatest  wealth. 
Why  not  then  the  finest  porcelain?  Will  no  patriotic  man- 
ufacturer take  up  such  a  work  con  amote}  Will  no  enthusi- 
astic millionaire  endow  a  small  factory  to  remove  this  blot 
from  our  industrial  and  artistic  fame?  Surely,  when  millions 
are  spent  in  collecting  specimens  manufactured  long  ago  in 
other  lands  there  should  be  a  possibility  of  the  artistic  and 
technical  skill  of  our  own  people  being  fostered  and  encour- 
aged ro  this  end.  Be  it  remembered  that  fine  wares  cannot 
be  made  for  money  alone,  that  profit  must  not  be  thought 
of — at  least  in  the  beginning — if  a  world-wide  reputation  is 
to  be  made,  it  will  be  apparent  why  our  manufactures  have 
not  touched  the  question.  For  the  same  reason  it  must  be 
evident  that  if  we  are  to  make  porcelain  which  will  be  equal 
to  Rookwood  faience,  which  will  compare  with  Copenhagen 
and  with  Sevres,  it  must  be  beneath  the  roof  of  some  bene- 
ficient  capitalist  who  will  draw  his  profits  from  the  pride  of 
possession. 

The  members  of  this  society  may  congratulate  them- 
selves that  their  share  in  the  advance  has  not  been  immate- 
rial but  still  more  upon  the  fact  that  when  a  call  to  greater 
advance  comes  they  are  ready. 

Much  of  the  work  has  been  done  in  the  face  of  cavil 
and  misrepresentation.  The  incredulous  smile  of  the  .''prac- 
tical man"  still  lingers  around  us,  and  there  is  much  opposi- 
tion to  be  lived  down  but  the  day  will  come,  and  it  is  not 
far  distant,  when  the  graduates  of  our  schools  will  be  sought 
by  every  plant  in  the  country  and  our  industry  will  rise  to 
heights  that  are  as  yet  unexplored* 


NOTES  ON  THE  GRINDING  OF  MATERIALS  USED  IN 

EARTHENWARE  BODIES. 

BY 

ERNEST  MAYER,  Bbaveb  Falls,  Pa. 

The  question  of  the  degree  of  fineness  to  which  the 
flint  and  feldspar  used  in  pottery  bodies  shall  be  ground  is 
one  that  does  not  receive  in  the  United  States  the  attention 
and  care  bestowed  on  it  by  European  potters.  It  is  my  in- 
tention^  as  far  as  I  am  able,  to  awaken  a  greater  interest  in 
this  subject,  and  show  by  trials  submitted  for  your  inspec- 
tion, that  the  statements  made  can  be  amply  verified. 

As  to  the  system  of  grinding  in  Europe,  more  particu- 
larly in  England,  where  I  gained  my  practical  experience, 
let  me  point  out  a  fact  ndt  generally  understood,  viz :  That 
dry  grinding  is  practically  unknown — (remember,  I  speak  of 
England).  Although  the  system  of  dry  grinding  has  been 
systematically  tested  and  a  considerable  sum  of  money  spent 
to  make  a  success  of  it,  it  has  been  abandoned  as  impractica- 
ble, and  they  still  continue  to  grind  their  materials  by  the 
'  wet  process  as  of  old: 

Before  proceeding  further  in  my  subject,  it  may  be  well 
for  me  to  state  my  reason  for  bringing  this  subject  up  at  all  and 
explain  the  reason  why  I  lay  such  stress  on  the  matter  of 
fine  grinding.  I  recollect  of  no  meeting  held  by  our  Society 
where  this  subject  has  not  been  brought  up,  and  at  several  of 
them  I  have  have  had  considerable  to  say,  and  when  the 
subject  was  talked  over  in  one  of  our  discussions  last  year, 
I  made  the  assertion  that  it  is  one  of  the  most  important 
enconomic  problems  in  our  business,  as  I  hope  to  show  be- 
fore my  paper  is  concluded. 

It  has  been  to  me,  till  recently,  an  unsolved  enigma, 
why  English  potters  can  fire  a  dense  body,  with  a  clear  ring 
and  a  close  fracture,  at  a  temperature  of  Seger  cone  5,  where- 
as, our  body  at  a  temperature  of  cone  8  down  and  9  begin- 
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ning  to  move,  will  not  make  so  dense  a  ware,  or  so  clean  a 
fracture,  while  we  have  a  body  containing,  as  shown  by 
chemical  analysis,  a  percentage  of  alkali  and  fluxing  mater- 
ials, at  least  35  per  cent,  greater  than  theirs.  I  don't  wish 
to  be  misunderstood  and  have  it  supposed  for  an  instant 
that  I  am  comparing  American  and  English  ware  to  the 
detriment  of  the  former,  because  the  fact  is  now  appreciated 
and  has  been  for  some  time  that  we  are  getting  just  as  good 
a  price  as  they  do  in  open  competition. 

What  would  it  mean  to  us  today,  if  we  could  bring  our 
biscuit  heat  down  to  cone  5  instead  of  going  to  the  excessive 
temperature  we  do? 

First:    A  very  important  item,  saving  of  fuel. 

Second:  Saving  in  saggars,  on  account  of  less  heat  em- 
ployed, and  the  fact  of  being  able  to  use  very  much  cheaper 
clays  than  the  very  high  priced  ones  we  now  have  to  buy  in 
order  to  get  sufficient  refractoryness. 

Third:  The  easier  regulating  and  more  even  firing  of 
the  kilns  at  the  lower  temperatures. 

This  third  reason  is  unquestionably  a  debatable  one 
and  one  that  I  don't  consider  so  important  as  the  first  two^ 
as,  from  my  point  of  view,  there  can  be  no  possible  question 
raised  concerning  these.  I  also  claim  that  the  finer  grinding 
of  our  materials  will  not  only  help  in  reference  to  fuel  and 
saggers  and  firing,  but  it  will  stop  a  large  quantity  of  so- 
called  mishaps  that  occur  to  us  all  without  any  apparent 
reason ;  mysteries  that  happen  in  all  our  potteries  without 
any  cause  bein^  discovered,  and  which  disappear  as  myster- 
iously as  they  came. 

Who  is  there  here  that  has  not  run  up  against  one  of  the 
following  circumstances  :  A  manager  is  called  into  the  clay 
shops  to  see  a  quantity  of  ware  cracked  in  the  moulds,  a 
very  excessive  amount,  whereas  the  day  before,  and  probably 
for  months  previous,  the  percentage  of  cracked  ware  is 
normal.  He  knows  that  he  has  got  in  no  new  material ;  all 
the  clays,  flint  and  feldspar  have  been  taken  from  the  same 
bins,  and  no  error  has  been  made  in  mixing.  The  next  day, 
the  trouble  which  existed  practically  with  nearly  all  the  clay, 
suddenly  disappears  and  evierything  goes  on  as  usual.    What 
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has  happened  is  probably  this:  The  slip  has  been  made 
too  thin  by  the  accidental  running  of  too  much  water  into 
the  blunger.  During  the  night  the  body  has  settled  down 
in  the  bottom  of  the  tanks  into  a  hard  mass,  and  if  the  slip 
pumps  are  started  at  the  same  time  as  the  other  machinery, 
nobody  knows  what  is  being  pumped  into  the  presses.  It 
may  be  principally  flint,  or  may  be  no  flint,  but  whatever  it  is, 
it  is  not  the  body  as  originally  mixed.  The  trouble  does  not 
end  with  your  having  some  cracked  ware  in  the  clay  shops. 
That  which  does  not  crack  goes  forward  and  fetches  up  in 
the  glost  warehouse  as  shivered  or  crazed. 

It  may  be  said  that  this  is  a  very  far-fetched  case  and 
not  liable  to  happen,  and  if  it  did  happen,  can  easily  be 
remedied.  In  answer,  let  me  ask :  Is  it  remedied  ?  Is  it  a 
common  practice  to  start  the  agitators  at  least  one  hour  be- 
fore the  pumps  start  ? 

Now  the  question  is,  will  finer  grinding  help  this  diffi- 
culty ?  Most  certainly  it  will,  and  the  demonstrations  I  pro- 
pose to  make  will  convince  the  most  skeptical. 

I  have  here  samples  of  two  bodies  made  as  under : 

(American  ground  flint —  106  ')  ■  '  ^ 
chtarfiy!r?*'^r'::  m  :  ■  V.. 
Ball  clay 59        .     ^  ' 

!  English  ground  flint 106 
Ball  clay 69 

You  will  take  particular  notice  of  the  fact  that  these 
two  bodies  were  fired  together  in  the  same  saggar  and  the 
series  of  cones  7,  8  and  9  were  fired  with  them  and  that  cone 
7  is  only  slightly  turned,  and  this  is  not  a  proper  tempera- 
ture at  which  sound  biscuit  earthenware  can  be  made  under 
our  present  system,  yet  you  will  find  on  comparison,  that 
while  body  No.  1547  is  very  absorbent,  No.  1548  is  not  nearly 
so  much  so.  In  fact.  No.  1548  would  pass  as  fair  biscuit 
ware.  Again,  notice  body  No.  1547  is  cut  easily  with  the 
point  of  a  knife^  while  No.  1548  will  turn  the  edge  of  a  knife, 
and  lastly,  as  might  be  expected,  there  is  a  distinct  differ- 
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ence  in  shrinkage  between  the  two,  No.  1548  being  the 
smaller  of  the  two. 

These  differences  I  ascribe  to  the  fineness  of  grain  to 
which  the  English  flint  has  been  ground.  I  had  hoped  to 
show  in  a  very  conclusive  and  positive  manner  by  means  of 
Schoene's  elutriating  apparatus  exactly  what  this  difference 
in  grinding  meant  by  making  a  series  of  determinations,  and 
from  their  averages,  give  the  quantity  that  passed  over  at 
the  various  current  velocities  indicated  by  the  pietzometer 
readings. 

Before  giving  you  the  results  of  my  investigations  by 
this  instrument,  I  would  like  to  state  that  it  is  comparatively 
new  to  me,  and  I  hesitate  somewhat  in  offering  the  determi- 
nations as  evidence,  because  on  the  face  of  it  I  am  in  error, 
simply  from  the  fact  that  I  don't  account  for  the  5  grains  of 
flint  with  which  I  started  in  each  washing  test. 

I  will  now  give  the  result  of  my  determinations:  < 

Amebioan  Ground  Flint.  English  Ground  Flint. 

@    1.26  Pietzometer,    .4576  -       7878 

@    5.10  **  .4378        4066 

@17.50  »'  .8027        1.8878 

@60.00  *'  2.8566        1.2034 

Balance  left, 7298         8060 

4.2837  4.5408 

Deoantatlon 1826  Decantation 0889 

Unaccounted  for..  .6837  Unaccounted  for,.    .3706 

6.0000  6.0000 


If  I  interpret  these  figures  correctly,  the  showing  is  in 
favor  of  the  English  flint,  on  account  of  the  great  differences 
in  regard  to  the  quantity  passing  over  at  the  lower  velocities. 
The  American  ground  flint  showed  nearly  twice  as  much 
passing  over  at  the  60  cm.  pressure  as  the  English  flint  did. 
The  difficulty  I  had  to  encounter  in  these  investigations  was 
this :  That  although  I  followed  the  best  instructions  I  had 
as  to  the  method  of  preparing  the  material,  I  was  unable 
to  get  a  clear  liquid  at  the  lowest  reading,  viz:  1.26  cm. 
In  some  of  the  trials  I  made,  I  allowed  the  mixture  of  the 
flint  and  water  to  stand  two  days,  and  after  that  time  there 
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was  a  distinct  milkiness,  which  no  filter  paper  (at  least 
in  my  hands)  would  arrest. 

I  mention  this  fact,  which  was  identical  in  both  varieties 
of  flint,  because  I  feel  very  sure  that  the  items  "Decanta- 
tion"  and  "Unaccounted  for"  belong  to  the  1.25  cm.  read- 
ins^.  I  will  further  explain  that  the  item  "Decantation"  was 
that  portion  of  the  liquid  that  still  appeared  as  a  cloudy  fluid 
and  was  arrested  by  a  filter  paper  and  was  weighed. 

In  short,  if  the  figures  of  the  test  are  rearranged  as  I 
think  they  really  belong,  we  should  have : 


Desorlption  of  Sediment. 

English  Flint. 
Fercents. 

American  Flint. 
Percents. 

Finest  sizes,  lost  in  process 

7.41 
1.78 

14.76 

8.13 

87.75 

24.07 
6.10 

11.67 

Too  fine  to  settle,  but  was  caught  on 
filter  paper 

2.66 

At  1.25   cm.     Pietzometer,    slowest 
measured    speed.    Particles  im- 
mensely fine 

At  5.1    cm.     Pietzometer;    still  ex- 
ceedintrly  fine 

9.16 
8.76 

At  17.60  cm.  Pietzometer;  still  very 
fine ....           

6.05 

At  60   cm.    Pietzometer.     Particles 
relatively  coarse,  though  still  not 
to  be  distinguished  clearly  by  the 
unaided  eve 

47.12 

Coarsest  particles,  left  after  all  others 
bad  noated  away.  Grains  clearly 
Yisible  to  the  eye 

14.59 

Totals 

99.09 

vv.vV 

Total  sediments  down  to  and  includ- 
ing the  17.50.  cm.  sediment 

69.82 

38.28 

Total  sediments,  coarser   than   the 
17.60  cm.  sediment. 

80.17 

61.71 

In  connection  with  the  grinding  of  materials,  I  have  so 
far  only  tonched  on  the  infusible  portion,  viz.,  the  flint,  bnt 
I  now  want  to  call  your  attention  to  quite  as  important  a 
point,  viz.,  the  feldspar. 

Some  years  ago,  I  made  the  experiment  I  have  here 
repeated — and  offer  for  inspection — but  the  marked  difference 
in  fusion  as  it  is  affected  by  the  grinding  is  not  nearly  so 
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pronounced  in  this  experiment  as  the  one  made  sometime 
ago,  because  the  experiment  was  not  made  under  the  same 
conditions. 

The  experiment  consisted  in  grinding  a  batch  of  feldspar 
in  a  pan  and  removing  from  the  pan  at  the  end  of  each  hour 
a  portion  of  the  feldspar  slip.  This  slip  was  hardened  on 
plaster  and  made  up  into  cones,  similar  in  size  and  shape  to 
the  Seger  cones.  These  cones  were  then  placed  on  a  slab 
of  white  ware  body,  together  with  Seger  cones  Nos.  7,  8  and 
9,  and  were  fired  in  a  regular  biscuit  burn.  The  feldspar 
taken  direct  from  the  bin  gave  a  cone  which  stood  up 
throughout  the  test  without  fusing.  The  cone  representing 
one  hour's  grinding  showed  a  distinct  improvement  in  fusi- 
bility, and  so  on  with  each  hour's  grinding  until  the  fourth, 
after  which  additional  grinding  seemed  to  produce  but  little 
effect.  In  the  first  experiment  I  made,  I  ground  the  trial  on 
a  pan  having  an  area  of  28  square  feet,  and  this  was  made  on 
a  small  color  pan  of  1^  feet  area,  and  on  account  of  the 
difference  between  the  weights  of  the  runners  in  the  respect- 
ive pans,  the  degrees  of  fusion  were  not  so  clearly  shown  in 
one  case  as  the  other.  Still,  it  will  be  seen  that  the  sample 
marked  '*0,"  which  is  ordinary  feldspar,  taken  from  the  bins, 
is  very  different  from  that  marked  1,  2  and  3,  but  after  it 
passes  the  fourth  hour  the  change  is  apparently  impercepti- 
ble, even  up  to  the  eight  hours'  grinding.  On  the  rear  in 
second  row  of  cones  on  the  trial  slab  you  will  notice  cones 
7,  8  and  9,  cone  7  being  down 

Having  stated  my  case,  let  us  see  whether  anything 
practical  can  come  from  this  paper.  Is  it  of  sufficient  im- 
portance for  this  society  to  appoint  a  committee  to  devise  a 
method  for  testing  flint  and  feldspar?  I  refer,  of  course, 
to  a  mechanical  test,  which  we  might  call  the  '^American 
Ceramic  Society's"  test?  Let  us  first  of  all  know  what  we 
want^  and  then  when  we  buy  material,  ask  the  seller  if  he 
will  guarantee  it  to  stand  the  society's  test. 

One  half  of  all  the  earthenware  we  turn  out  is  composed 
of  flint  and  feldspar,  and  sometimes  we  hear  of  a  certain  firm 
of  flint  and  feldspar  grinders  who  grind  very  fine,  but  in 
nine  cases  out  of  ten  the  only  question  that  is  asked  is  will 
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it  pass  a  12s  lawn  well.  Because  it  passes  a  lis  lawn,  does 
not  necessarily  fit  it  for  an  earthenware  body. 

We  may,  if  the  Society  desires  to  go  into  the  question 
at  all,  make  it  a  lawn  test  if  that  is  the  best,  but,  if  they  do, 
make  it  fine  enough  and  say  that  a  certain  per  cent,  must 
pass  the  standard  lawn  they  adopt. 

To  grind  finer  means  more  expense,  but  that  need  not 
prohibit  its  use.  Suppose  we  do  make  a  test,  and  the  flint 
grinder  says  I  will  grind  it  as  you  wish  but  it  will  cost  you 
so  much  more,  then  it  is  up  to  the  user  to  say  whether  he 
wants  it  or  not. 

If  any  move  is  made  in  this  direction,  it  must  be  made 
by  the  ceramic  chemist,  for  it  is  eminently  in  his  province. 

DISCUSSION. 

Mr.  Stanley  G.  Buri:  Mr.  Mayer  treats  there  a  subject 
which  is  a  hobby  of  mine.  I  have  felt  all  along  that  the 
subject  of  grinding  was  of  greatest  importance ;  that  the 
fineness  of  grain  was  the  great  keynote  to  many  troubles,  and 
many  will  remember  that,  as  stated  in  my  paper,  that  my 
results  were  equivalent  to  his.  I  did  not  go  as  far  as  he  goes 
in  making  the  suggestion  of  a  committee  to  investigate  the 
subject  and  set  up  a  standard.  I  think  the  idea  is  very  good ; 
but  in  all  my  conversations  with  grinders,  they  say  it  is 
absolutely  impossible  to  do  that,  because  the  additional  cost 
necessary  to  get  additional  fineness  of  grind  will  not  be  stood 
by  the  American  consumer.  I  could  not  give  the  figures, 
but  flint  furnished  to  pass  a  No.  14  lawn  would  cost  consid- 
erable more  than  double  if  put  into  condition  to  pass  a  No. 
16  lawn.  It  would  mean  considerable  more  than  double  the 
work  and  would  add  considerably  to  the  cost.  I  think  any- 
thing which  might  be  accomplished  in  that  line  would  be  a 
great  gain.  While  we  may  not  be  able  to  set  up  a  standard, 
to  say  that  it  shall  pass  a  certain  lawn,  we  could  insist  on 
uniformity.  I  think  it  would  be  a  good  thing  for  the  potters 
to  agree  among  themselves  upon  a  standard,  say  to  pass  a 
No.  14  lawn,  then  insist  to  the  dealers  that  shipments  must 
pass  that  lawn.  I  have  found  a  number  in  my  experience 
that  would  not  begin  to  pass  a  No.  14  lawn.     It  seems  to  me 
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feasible  to  adopt  a  minimum  standard,  but  I  doubt  if  we 
could  push  it  to  a  No.  16.  But  we  could  insist  on  the  mate- 
rial passing  a  No.  14  lawn.  I  think  this  is  one  of  the  most 
important  matters  —  fineness  of  grain  —  but  I  do  not  know 
whether  there  should  be  more  committee  work. 

Mr.  W.  D.  Gates:  I  move  that  a  committee  be  appointed, 
of  which  Mr.  Mayer  shall  be  chairman,  and  Mr.  Burt  and 
Professor  Orton  other  members,  to  take  this  matter  in  hand 
and  make  report. 

I  think  we  will  always  find  that  the  buyer  is  the 
"doctor."  If  he  insists  on  a  thing,  the  people  will  "get 
busy  "  and  get  it,  if  his  demands  are  anywhere  within  the 
range  of  possibility.  We  occasionally  run  across  people  our- 
selves who  want  things  which  we  say  at  first  are  impossible, 
but  if  they  insist  on  them,  we  have  to  go  to  work  and  try 
to  make  them.  If  fine  grinding  is  done  in  England,  we  can 
certainly  do  it  in  this  country. 

Professor  Otton^Jr. :  I  approve  of  the  idea  of  this  society 
trying  to  define  something  like  a  standard  of  fineness.  I 
think  it  is  an  excellent  idea.  Whether  we  can  enforce  what 
we  think  is  right  and  proper  in  the  matter  is  another  ques- 
tion altogether.  I  think  what  we  do  accomplish  in  that 
direction  will  be  more  in  the  way  of  giving  each  buyer  argu- 
ments with  which  to  hold  up  his  end  of  the  controversy, 
when  it  comes  to  dealing  with  the  spar  miller  or  flint  miller, 
than  in  any  other  way.  This  society  has  no  standing  in  the 
commercial  world,  and  no  lever  by  which  it  can  bring  into 
line  either  the  spar  or  flint  miller.  Both  are  influenced  by 
commercial  considerations.  It  seems  to  me,  therefore,  that 
our  attitude  can  be  simply  advisory.  We  set  up  the  facts, 
but  it  be  the  buyer  who  enforces  our  findings  with  the  spar 
and  flint  millers. 

I  am  exceedingly  pleased  with  the  facts  which  Mr.  Mayer 
has  brought  out.  I  have  had  a  little  experience  with  that 
Schcene  apparatus  myself,  and  if  Mr.  Mayer  was  here  I 
could  reassure  him  as  to  the  quality  of  the  results,  which  he 
feels  so  uncertain  in  presenting.  The  apparatus  is  not  a 
perfect  one,  and  I  never  yet  saw  a  man  who  could  take  five 
grams   of  material,   wash  it  into  a   number  of   grades  of 
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fineness  with  tbe  Schoene  apparatus,  and  get  back  all  with 
which  he  started.  It  seems  physically  impossible  to  save 
all  the  material ;  and  I  think  Mr.  Mayer  has  made,  on  the 
whole,  a  very  creditable  showing  in  his  first  attempt,  and  his 
results  are  similar  to  what  I  have  myself  secured  and  seen 
others  get.  He  has  proved  his  point  by  the  use  of  this 
apparatus.  There  is  no  kind  of  question  about  that.  The 
respective  valuations  of  this  one  line  (indicating  on  the 
chart)  •'  2.3558  against  1.2034  "  show  that.  The  American 
flint  shows  twice  as  much  as  the  other.  The  whole  experi- 
ment shows  the  great  difference  in  physical  characteristics. 
It  seems  to  me  that  what  a  committee  appointed  by  this 
society  should  do,  is  not  to  say  what  the  spar  miller  should 
produce,  or  what  the  dealer  should  buy,  but  what  the  size  of 
grain  should  be  in  order  to  accomplish  certain  results. 
Then  let  the  commercial  question  settle  itself. 

For  instance,  Mr.  Mayer  says  that  beyond  a  certain  limit 
there  is  no  use  for  further  grinding.  Wouldn't  it  be  well  for 
this  proposed  committee  to  say  how  fine  it  is  necessary  to 
have  material  ground  in  order  to  produce  certain  results  ? 
Mr.  Bleininger  read  a  paper  last  year,  touching  on 
cement  manufacture,  in  which  he  gave  carefully  prepared 
data  on  the  sizes  of  grain  of  flint  and  spar.  He  illustrated 
the  effect  which  the  size  of  grain  had  on  the  decomposition 
of  the  material  by  lime,  and  clearly  showed  that  either  flint 
or  spar  above  a  certain  size  was  well-nigh  useless  in  cement, 
being  simply  inert  material  at  the  close  of  the  process.  But 
below  a  certain  size  it  was  chemically  valuable,  because, 
under  standard  conditions,  it  would  be  converted  into  soluble 
matter,  and  form  a  part  of  the  cement.  It  was  very  clearly 
shown  in  that  problem  what  the  limiting  conditions  in  cement 
work  are.  It  seems  to  me,  if  we  can  do  the  same  for  the  use 
of  flint  and  spar  and  other  insoluble  fluxes  in  use  in  this 
country,  and  show  that  good  results  can  be  gotten  from  flint 
and  spar  of  certain  sizes,  and  recommend  that  they  be  con- 
sidered as  standard,  then  the  whole  situation  will  be  cleared 
up,  and  anybody  who  desires  to  avail  himself  of  our  inform- 
ation or  our  work,  can  do  so.  It  seems  to  me  this  is  the 
only  basis  on  which  we  can  stand. 
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In  regard  to  the  constitution  of  the  committee,  I  believe 
I  was  named  as  one,  but  I  suggest  that  this  would  be  a  bad 
appointment,  because  I  am  not  a  great  user  of  such  materials 
and  have  little  influence  commercially.  There  are  others 
here,  who  purchase  thousands  of  dollars'  worth  a  year,  and 
other  things  being  equal,  they  would  have  more  influence. 

Mr.  Edward  C.  Stover:  In  looking  over  Dr.  Seger's  work 
on  the  question  of  grinding,  find  he  touches  that  point,  in 
giving  the  methods  of  changing  the  coefficient  of  expansion. 
In  setting  forth  the  ways  of  making  the  change,  among 
other  things,  he  says  to  grind  the  flint  or  spar  finer.  I  took 
the  matter  up  with  a  local  spar  grinder,  and  asked  what  the 
extra  expense  would  be  of  making  a  finer  grind.  He  said 
he  had  experimented  along  that  line,  and  if  I  remember,  he 
said  that  they  ground  an  ordinary  charge  in  a  common  ball 
mill,  three  or  four  hours  longer,  after  the  time  when  they  con- 
sidered it  ready  to  deliver  to  the  potter.  He  said  in  dry  grind- 
ing, the  difference  in  fineness  of  the  material  was  so  slight 
after  double  time,  that  to  get  such  results  as  I  wanted,  would 
make  the  expense  greatly  more  than  any  potter  would  pay. 
That  came  into  my  mind  when  Mr.  Mayer's  paper  was  read. 
I  presume  his  American  flint  was  dry  ground,  and  the  Eng- 
lish flint  wet  ground.  In  short,  he  is  comparing  dry  grind- 
ing with  wet  grinding,  As  I  understand  it,  English  material 
is  delivered  in  the  slop  state,  while  here  we  get  it  dry. 

Professor  Charles  F,  Binns :  I  am  very  much  struck 
with  the  calm  way  in  which  this  work  is  handed  over  to  a 
committee,  without  much  idea  of  the  immensity  of  the 
problems  involved.  It  would  probably  take  two  or  three 
investigators  a  year's  time  to  standardize  tests,  in  order  to 
find  out  what  they  were  really  driving  at. 

The  state  of  affairs  in  England  is  that  the  bulk  of  the 
larger  producers  grind  their  own  material.  Every  large 
factory,  I  may  say,  without  exception,  has  its  own  mill.  The 
smaller  ones  buy  the  material  ready  ground  in  the  slop  state 
for  the  most  part.  This  involves  wet  mixing  instead  of  dry, 
which  is  not  in  accordance  with  the  American  idea  of  speed. 
The  manufacturer  cannot  get  out  anything  like  as  many  tons 
in  the  same  time  by  the  wet  process. 
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In  England  the  materials  are  prepared  and  lawned  in 
the  slop  state.  The  lawns  are  sixteen  and  eighteen  for 
common  wares,  and  each  material  is  lawned  before  mixing. 
In  some  cases  ball-clay  is  put  through  three  decks  of  lawns. 
Under  such  conditions  you  would  have  to  reconstruct  every 
plant  in  the  country  and  you  will  not  find  one  potter  in  ten 
who  would  consider  the  matter  even  if  you  put  to  him  the 
inducement  that  he  can  make  better  ware  at  a  lower  cost. 
You  ask  the  Belleek  manufacturer  what  is  the  secret  of  suc- 
cess in  the  manufacture  of  Belleek,  and  he  will  say  that  it 
is  fine  grinding.  The  material  is  ground  until  it  is  an  im- 
palpable powder;  when  tested  between  the  thumb  nails  there 
is  no  grit.  In  a  factory  I  was  once  connected  with,  there 
was  a  time  when  we  kept  a  man  all  the  time  chipping  spar, 
rejecting  the  brown  parts  of  the  spar.  The  question  of 
grinding  was  raised  and  we  made  a  test.  A  bucket  fall  of 
the  chips  were  put  into  the  ball  mill  and  ground  perhaps  six 
liours,  and  the  Belleek  made  from  it  was  every  bit  as  good 
as  that  made  from  the  selected  spar,  showing  that  the  whole 
problem  lay  in  the  grinding. 

I  do  not  believe  it  is  possible,  with  the  present  equip- 
ment of  our  flint  mills,  to  give  finer  material.  The  cylinders 
are  wood-lined,  and  the  flint  and  spar  are  ground  dry.  If 
some  miller  had  the  courage  to  line  his  cylinders  with  porce- 
lain or  "  French  burr,'*  and  to  grind  wet,  filter-pressing  the 
slip  and  drying  the  product  to  within  5  per  cent,  of  abso- 
lute dryness,  he  would  have  the  pick  of  the  market.  Wet 
ground  flint  can  be  lawned,  dry  ground  cannot,  and  this 
alone  is  a  strong  argument  in  favor  of  the  wet  method. 

But,  as  a  society,  in  the  face  of  the  fact  that  all  the 
millers  are  grinding  dry  and  all  the  manufacturers  are 
mixing  dry,  we  cannot,  I  fear,  recommend  any  such  standard 
as  that  which  obtains  in  England.  Unless  we  give  the  com- 
mittee some  definite  instructions  or  prepare  the  way  by 
preliminary  work,  it  will  not  do  much  good. 

Mr.  F.  W.  Walker:  The  remarks  of  Prof.  Binns  are 
very  much  to  the  point  and  I  think  all  of  us,  possibly,  are 
familiar  with  these  conditions.  The  grinders  of  flint  and 
spar  will  not  voluntarily  grind  finer.    I  had  quite  a  talk  with 
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one  of  them  a  few  weeks  ago^  and  he  said  they  could  not  do 
it.  I  had  jnst  been  talking  with  Mr.  Mayer,  and  he  said 
that  to  grind  as  fine  as  Mr.  Mayer  wanted  it,  would  make 
the  material  cost  double  the  money.  He  said,  **Would  you 
pay  it  ?  "  I  was  not  prepared  to  say  whether  I  would  or  not. 
I  was  simply  advocating  along  the  lines  of  Mr.  Mayer's 
paper.  I  think  the  subject  wants  to  be  thoroughly  consid- 
ered, but  I  do  not  know  any  one  better  able  to  consider  it, 
and  make  report,  than  the  committee  suggested. 

SUBSEQUENT  COMMUNICATION  FROM  MR.  ERNEST  MAYER. 

Although  not  present  at  the  meeting,  I  am  very  glad  to 
have  the  chance  of  seeing  the  stenographer's  notes  of  the 
account  of  the  discussion  on  my  paper. 

I  fully  expected,  in  fact  anticipated,  the  criticism  made 
by  several  that  the  grinders  of  flint  and  feldspar  would  pro- 
test against  any  change  in  the  present  method  of  grinding. 
My  answer  to  that  is  this :  That  as  a  matter  of  fact  the 
grinders  of  flint  and  feldspar  don't  know  how  coarse  or  fine 
they  are  grinding,  and  my  experience  is  that  they  grind 
material  as  short  a  time  as  they  possibly  can,  and  the  only 
limit  they  admit  is  when  the  buyer  gets  a  car  load  of  mate- 
rial that  won't  go  through  his  lawns  and  won't  pay  for  it. 
Then,  and  only  then,  will  they  grind  finer,  unless  it  so 
happens  (as  has  many  times  been  done)  the  potter  will  charge 
his  lawn  to  suit  the  coarser  flint. 

My  paper  was  written  as  a  protest  against  the  haphazard 
method  of  the  grinding  now  in  vogue,  and,  while  the  point 
was  omitted  in  my  paper,  I  fully  intended  to  bring  out  the  fact 
of  the  great  irregularity  in  grinding  in  the  different  cars 
delivered. 

This  whole  matter  is  a  very  simple  business  proposition 
and  resolves  itself  into  the  following :  The  flint  grinder  has 
a  grade  of  flint  to  sell  at  a  certain  price  which  is  ground  a 
certain  number  of  hours,  which  we  will  call  his  regular  flint. 
Now  for  every  hour's  grinding  after  that  point  a  fixed  sum 
should  be  charged,  and  it  will  then  be  up  to  the  manufac- 
turer to  decide  what  he  wants. 
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A  committee  appointed  by  this  association  could  ascer- 
tain exactly  what  the  finer  grinding  meant  by  making  pieces 
of  ware  from  flint  and  feldspar  ground  in  the  different 
number  of  hours,  and  if  the  results  warranted  it,  after  the 
results  of  the  experiments  had  been  laid  before  the  associa- 
tion, each  member  would  would  take  advantage  of  the 
information  gained  and  govern  himself  accordingly. 

I  am  not  foolish  enough  to  think  that  my  paper  will  be  the 
cause  of  revolutionizing  the  flint  and  feldspar  grinding  busi- 
ness, but  if  the  remarks  I  have  made  carry  any  weight,  by 
the  arguments  used  to  substantiate  them,  then  my  paper  has 
accomplished  its  mission,  viz.:  that  finer  ground  material 
than  we  now  get  is  one  of  the  means  of  making  more  reliable 
and  better  ware. 

There  is  one  matter  to  which  I  would  like  to  call  the 
association's  attention,  and  that  is,  what  is  a  No.  12^  lawn  ? 
As  a  matter  of  fact  we  come  to  these  meetings  and  talking 
about  glaze  or  body  being  sifted  through  a  No.  12  or  No.  14 
lawn,  it  appears  to  me  that  no  two  of  us  are  talking  about 
the  same  thing.  As  an  example :  Professor  Binns  in  dis- 
cussing my  paper  says,  "  In  England  the  materials  are 
prepared  and  lawned  in  the  slop  state,  the  lawns  are  16  and 
18  for  common  ware."  Now,  evidently,  we  are  not  talking 
about  the  same  thing,  because  if  the  common  ware  goes 
through  an  ISs  lawn,  what  kind  of  a  lawn  do  they  use  for  the 
best  ware  ?  Except  for  stain,  I  never  heard  of  a  lawn  being 
used  either  here  or  in  England  finer  than  16. 

My  understanding  of  a  12s  lawn  is  that  it  means  30 
meshes  to  the  ^  inch,  or  120  meshes  to  the  inch ;  a  14  lawn 
36  meshes  to  the  ^  inch  =  140  meshes  to  the  inch,  and  a  16^ 
lawn  =  40  meshes  to  the  }i  inch  =  160  meshes  to  the  inch ;  but 
I  think  the  question  of  the  names  and  number  of  meshes  to 
the  inch  ought  to  be  settled  and  to  arrive  at  an  understand- 
ing of  what  the  various  sizes  actually  mean  in  count. 
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During  the  first  three  years  of  the  existence  of  this 
Society  we  have  added  qnite  a  good  many  valuable  contri- 
butions to  the  knowledge  of  silicates.  Silicic  acid  in  its 
various  forms  has  occupied  our  attention  more  than  anything 
else,  and  all  papers  tend  to  demonstrate  the  importance  of 
fineness  and  most  complete  distribution.  When  older  meth- 
ods stopped,  after  showing  that  a  certain  amount  of  silicate 
matter  was  present,  we  went  one  step  further  in  trying  to 
decide,  if  it  was  qualitatively  suitable  to  the  purpose  as  well 
as  quantitatively.  Our  transactions  contain  most  important 
researches  in  regard  to  tensile  strength  of  clay-mixtures, 
plasticity  and  the  relation  between  plastic  clays  and  the  non- 
plastic  ingredients  of  ceramic  bodies.  Glazes  and  fluxes 
have  had  their  share  in  our  discussions,  and  even  the  origin 
of  kaolin,  and  the  nomenclature  of  the  silicates  has  been 
touched  upon,  not  to  mention  all  the  papers  treating  on  the 
subject  of  firing  kilns,  and  similar  topics,  in  which  the  man- 
ufacturer of  brick  is  much  interested  as  the  manufacturer  of 
fine  china. 

Yet,  to  be  frank,  there  seems  to  be  a  large  deficiency  in 
the  knowledge  of  our  ceramic  bodies  themselves,  and  I 
almost  believe  that  the  slow  progress  in  establishing  uniform 
rules  and  tests  in  ceramics  is  partly  caused  by  insuffix:ient 
knowledge  of  the  very  foundation  of  our  ceramic  art.  What 
are  our  bodies  and  glazes  ?  In  some  of  them,  baked  at  a 
very  low  temperature,  the  various  components  have  hardly 
entered  into  a  chemical  action  and  maintain  as  finished  ware 
more  or  less  the  nature  of  a  mechanical  mixture.  Others 
become  quite  uniform,  and  seem  to  undergo  such  an  intense 
change,  that  the  final  product  appears  to  be  almost  a  chemical 
compound.     However,  the  chemists  claim  that  a  chemical 


compoand  cannot  be  still  considered  as  a  union  of  various 
molecules ;  but  where  can  we  draw  the  line  between  a  chem- 
ical compound  and  a  union  of  various  molecules  in  our 
ceramic  products  ?  May  we  consider  the  translucent  hard 
porcelain  as  a  well  defined  compound,  or  is  it  not  rather  still 
a  union  of  molecules,  of  substances  partly  dissolved,  partly 
suspended,  in  the  melted  feldspar?  As  Prof.  Orton  said  in 
one  of  his  previous  papers,^  we  have  been  working  for 
years  with  test  tubes  and  balance,  seeking  to  explain  the 
marvelous  differences  and  similitudes,  but  we  have  decidedly 
neglected  the  use  of  the  microscope,  and  I  would  like  to 
nrge  the  members  of  our  society  to  become  microscopists 
and  to  open  up  new  methods,  which  will  not  only  allow  us 
-quick  investigation,  but  will  very  likely  lead  to  a  more 
thorough  knowledge  of  ceramic  bodies  and  materials.  Such 
methods  might  also  give  us  a  chance  to  discover  in  our  clays 
and  kaolins  a  variety  of  the  rarest  elements,  which  we  could 
not  detect  with  our  slow  chemical  analysis,  but  which  un- 
doubtedly will  have  certain  influences. 

There  might  be  a  way  of  crystallographic  analysis.  We 
all  know,  that  in  chemistry  we  crystalize  a  substance  repeat- 
edly in  order  to  purify  it.  The  process  of  crystallization  is 
of  the  utmost  importance,  and  we  shall  advance  more  rapidly 
in  ceramic  theory,  if  we  devote  more  attention  to  crystals 
and  crystallization.  In  kaolin,  as  well  as  generally  in 
ceramic  bodies,  the  crystals  are  very  fine  grained,  but  of  late 
:glazes  with  splendid  crystallizations  have  occupied  the  atten- 
tion of  the  ceramic  world,  and  although  those  articles  with 
<37stallized  glazes  £ire  too  difficult  to  be  manufactured  on  a 
large  scale  and  too  high  priced  to  become  a  staple  article, 
they  are  very  interesting  from  a  theoretical  point  of  view. 
They  are,  at  least,  a  start  in  a  new  direction  and  I  beg  per- 
mission to  occupy  some  of  your  time  in  describing  the 
methods  of  producing  them. 

Our  glazes  are  more  or  less  perfect  glasses,  in  very  thin 
layers  and  may  be  considered  as  solutions  of  silicates,  which 
although  not  uncrystallizable,  do  not  flash  readily  into  the 
crystalline  state.     However,    those    glassy    silicates   form 

vTrans.  A.  OS.,  Vol.  n,  page  100. 
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definite  crystalline  compounds)  if  given  a  long  time  to  cool. 
Actually,  the  crystalline  or  glassy  conditions  are  more  or 
less  accidents  of  cooling.  Crystalline  segregations  are  not 
new  in  colored  glazes.  Aventurine  effects  are  found  on 
Japanese  vases  made  centuries  ago,  and  I  have  now  in  my 
possession  a  Japanese  vase,  showing  tiger-eye  effects  on, 
some  parts,  which  was  certainly  not  made  within  the  last 
twenty  years,  even  if  I  do  not  venture  to  determine  its  true 
age. 

Dr.  Maeckler,  by  request  of  Director  Dr.  Heinecke,  of 
the  Royal  factory  at  Berlin,  who  had  purchased  some  Rook- 
wood  vases  at  the  World's  Pair,  1893,  for  the  museum  of  the 
factory,  made  the  first  scientific  investigation  of  the  phenom- 
enon, which  was  published  in  1896.  Aventurine  glazes  have 
been  made  by  various  factories  in  the  United  States  and 
in  Europe.  I  recently  received  a  nice  collection  from 
Bgersund,  Norway,  but  I  do  not  know  of  any  one  who  has 
reached  the  perfection  of  the  crystalline  glazes  of  the  Rook- 
wood  pottery.  However,  the  technique  of  crystallized  glazes 
was  not  further  developed,  until  at  exhibitions  at  Paris  and 
Brussels  and  also  at  Stockholm  in  1897,  the  French  National 
factory  of  Sevres,  the  Royal  factory  at  Copenhagen,  and 
Rohrstrands  Aktiebolag,  of  Stockholm,  came  out,  almost  at 
the  same  time,  with  artistic  vases  covered  with  crystallized 
glazes,  while  the  firm  of  A.  Bigaud  &  Co.,  in  Paris,  was  suc- 
cessful in  the  same  direction  on  stoneware.  In  1898  the 
Royal  manufactory,  of  Berlin,  followed  with  some  splendid 
specimens,  and  of  late  quite  a  few  factories  have  been  suc- 
cessful in  producing  crystallized  glazes,  and  although  these 
art  goods  cannot  be  produced  by  the  thousands,  the  time  has 
passed  when  the  formation  of  crystalline  glazes  could  be 
looked  upon  as  a  mere  accident. 

It  seems  as  if  the  very  first  study  on  that  subject  was 
made  by  Bbelmen  as  early  as  1847  - 1852,  but  the  credit 
as  inventors  of  those  crystallized  glazes  is  due  to  Charles 
Lauth  and  G.  Dutailly,  who  furnished  a  cup  and  paper 
on  the  subject  for  the  museum  of  the  National  factory  at 
Sevres  on  September  19th,  1886.  An  interesting  article^ 
"Sur  les    Converts    de  Porcelaine,"  by  Chas.  Lauth  and 
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G.  Dntailly,  is  to  be  found  in  the  book :  ' '  La  manufacture 
nationale  de  Sevres,  1879-1887,"  par  Charles  Lauth,  in 
which  they  say : 

By  introducing  oxide  of  zinc  into  glazes,  which  increases 
only  slightly  the  fusibility  of  the  glaze,  it  is  possible  to  obtain 
highly  basic  glazes,  which  form  during  the  process  of  cooling 
small  crystals  of  silicates  or  more  likely  of  oxide.  The  best 
crystals  were  obtained  in  a  glaze  of  the  following  mixture, 
melting  at  1350  deg.  Cels. 

Pegrmatlte 65.60% 

Sand 16.00 

Kaolin 4.40 

Lime 12.00 

Zinc  Oxide 18.00 

106.00 

This  would  correspond  to  the  following  composition  of 
the  glaze : 

SiO, 57.49% 

Al.O, 11.68 

CaO  6.72 

NaKO 6.12 

ZnO 18.00 

100.01 

In  another  short  paper,  read  before  the  International 
Congress  for  Applied  Chemistry  at  Vienna,  1898,  Clement 
of  Copenhagen  describes  his  experiments  with  the  silicate 
of  zinc  on  the  hard  porcelain  of  the  Royal  factory,  Copen- 
hagen. On  the  porcelain,  which  was  first  heavily  glazed 
with  the  regular  glaze  and  fired  as  usual,  he  applied  with  a 
brush  a  second  heavy  coat  of  SiO^  +  ZnO.  After  the  second 
glost  fire  the  glaze  appeared  to  be  saturated  with  small  crys- 
tals, which  he  claims  to  be  crystals  of  the  natural  silicate 
zinc,  Willemite,  Zn2Si04.  In  his  glazes,  which  must  be 
burnt  in  oxidizing  fire,  the  coloring  oxides  of  metals  gives 
the  following  effects :  Oxide  of  copper  celadon-green,  oxide 
of  cobalt,  blue,  chromium  and  tin  together  a  yellow-red  and 
the  oxide  of  nickel,  which  would  generally  cause  a  brown 
color,  gives  in  combination  with  the  silicate  of  zinc  a  Persian 
blue  glaze  with  blue  crystals. 
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A  more  recent  publication  of  G.  Vogt,  technical  man- 
ager of  the  National  factory  at  Sevres,  says  that  the  first 
crystallized  ^l^z^s  were  made  at  Sevres  in  1884.  Since  then 
the  process  has  been  greatly  improved  and  is  applied  with 
good  chances  of  success  to  stoneware  as  well  as  to  porcelain. 
It  has  been  found  of  great  advantage  to  fritt  all  materials 
for  the  second  or  crystallizing  glaze>coat  in  a  strictly  oxidiz- 
ing fire,  for  which  fritting  crucibles  are  used.  He  gives  the 
composition  of  two  fritts  in  practical  use  at  Sevres  as  follows : 

I        U 

Pearl  ash  (K,CO,) 138       09 

Zinc  Oxide 162  202)i^ 

Flint SeO  350 

Both  fritts  were  mixed;  best  result  was  obtained  by 
mixing  36  parts  No.  I  and  15  parts  No.  II. 

A  yellow  crystallized  glaze  was  obtained  by  fritting 

in 

Pearl  ashes 138 

Zinc  Oxide 162 

Flint 800 

Rutile 82 

15  parts  fritt  No.  II  and  85  parts  fritt  No.  Ill  are  mixed 
to  good  advantage.  Rutile  contains  a  good  many  impurities, 
principally  ferric  oxide,  and  this  seems  to  be  the  coloring 
agent,  while  chemically  pure  titanic  acid  will  give  pretty 
colorless  crystals. 

Summing  up  all  these  publications,  there  seemed  to  be 
no  doubt,  but  that  the  silicate  of  zinc  was  the  essential  sub- 
stance, which,  being  dissolved  in  the  melted,  liquid  glaze, 
would  separate  again  in  slow  cooling,  and  I  concluded  by 
following  this  general  idea,  it  would  be  impossible  not  to 
obtain  crystals.  I  proceeded,  therefore,  to  fritt  in  equivalent 
proportions  pure  zinc  oxide  and  silica,  using  a  99  per  cent, 
dry  ground  flint.  Then  I  prepared  a  thick  slip  by  mixing 
the  finely  ground  frit  with  water  and  applied  a  heavy  coat 
on  various  small  articles  of  our  Wheeling  pottery  fancy 
goods.  They  had  been  through  the  glost-kiln  before,  and 
for  this  second  glost-fire,  in  order  to  obtain  crystals,  I  placed 
them  in  a  covered  pot,  put  the  latter  into  a  large  sagger, 
which  I   filled  solidly  with  sand,  placed  the  whole  in  the 
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middle  of  the  second  ring,  well  protected  from  any  possible 
draft  after  the  large  kiln  would  be  open,  and  felt  satisfied 
that  I  had  done  everything  in  my  power  to  procure  a  very 
slow  cooling  off.  But  the  result  was  anything  but  gratifying. 
The  very  best  that  I  could  show  for  all  the  trouble  were  some 
white  formations  like  moss,  which  proved  to  be  something 
like  small  crystals  under  the  magnifying  glass,  but  which 
were  quite  different  from  the  splendid  specimens  I  had  read 
about. 

I  had  no  chance  to  investigate  any  further,  but  of  late 
my  observations  were  confirmed  by  the  experin^ents  of  an 
Austrian  ceramist,  who  published  his  results  under  the 
anonyme  "  Bries"  in  No.  2  of  the  Sprechsaal,  1902. 

He  started  from  a  china  glaze  of  the  formula 


ae  Cao  !  ^-^  ^>o»   4-^  Si^- 


and  increased  the  basic  side  by  adding  one  equivalent  ZnO. 

The  new  glaze  which  had  to  be  fritted,  would  correspond 

to  the  formula 

0.2  KaO ) 

0.3  CaO  >  0.25  Al^O,    2.25  SiO, 
0.5  ZnO  ) 

The  body  he  was  experimenting  with  had  the  following 

composition : 

day  substance 85% 

Flint 40 

Spar 25 

The  trials  were  fired  at  a  temperature  of  Seger  cone  8  that 
is  at  a  heat  quite  frequently  reached  in  our  American  biscuit- 
kilns.  But  neither  the  glaze  mentioned  above,  nor  a  plain 
potash  zinc  bisilicate 

0.3  K,0  )  n  sj^ 

0.7  ZnO  \  ^  ^^^^ 

gave  the  desired  result.  Then  he  continued :  '^  I  did  not 
succeed  in  obtaining  gratifying  results  as  long  as  I  restricted 
my  experiments  to  glazes  without  titanic  acid.  There  was 
only  a  tendency  to  small  formations,  which  sometimes  could 
be  proved  to  be  crystals  under  the  microscope.  In  conse- 
quence I  went  one  step  further  and  fritted  another  glaze,  in 
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which  part  of  the  silicic  acid  was  replaced  by  an  equivalent 
amount  of  titanic  acid, 

0.8  KjO  \        /1.7  SiOa 
0.7  ZnO  /         10.8  TiO, 

obtained  by  the  following  mixtures : 

Pearl  Ash 18.485^ 

Zinc  Oxide 26.24 

Flint 45.89 

Rutile 10.94 

''The  glaze  became  opaque.  Titanic  acid  does  not  go 
into  a  complete  solution  in  the  liquid  glaze,  its  molecules 
remain  more  or  less  suspended  and  this  circumstance  seems 
to  be  very  material  for  the  formation  of  large  crystals. 
Besides  a  hard  biscuit,  a  long  period  of  an  evenly  high  tem- 
perature at  the  end  of  the  burning  and,  as  mentioned  beforci 
a  slow  cooling  are  the  most  favorable  conditions."  He  also 
recommends  to  burn  the  crystallizing  glazes  in  double  saggers 
and  calls  attention  to  the  necessity  to  have  the  inside  of  the 
sagger  well  glazed,  as  a  porous  sagger  would  absorb  alkalies 
from  the  glaze;  which  might  be  detrimental  to  the  crystals. 
Another  interesting  item  is  the  fact,  that  in  colored  crys- 
tallizing glazes  the  crystals  sometimes  have  taken  up  the 
coloring  oxides  and  appear  in  their  color,  while  the  ground 
shows  a  different  shading. 

The  effects  obtained  by  this  application  of  titanic  acid 
are  really  wonderful  and  I  exceedingly  regret,  that  I  cannot 
send  along  some  of  the  fine  specimens  standing  before  me 
while  writing. 

DISCUSSION. 

Mr.  Hasburg:  I  have  a  small  specimen  of  the  Copen- 
hagen crystalline  glaze  with  me  which  I  will  pass  around  if 
the  members  care  to  see  what  this  paper  refers  to. 

Mr,  W,  D.  Gates:  One  thing  which  has  struck  me  is 
the  use  of  the  microscope  in  the  study  of  crystalline  glazes. 
I  was  much  interested  in  having  it  pointed  out  to  me  that 
we  we  manufacturing  a  matt  glaze  which  was  a  mass  of 
crystals.  Until  Mr.  Burt  called  my  attention  to  it,  I  did  not 
know  what  we  were  making. 
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Mf.  Ray  T.  Stull:  I  was  interested  in  Dr.  Zimmer's 
paper,  as  I  happened  recently  to  find  in  Sprechsaal  the 
same  article  which  he  speaks  of,  abont  crystalline  glazes.  I 
immediately  became  very  much  interested.  I  weighed  up  a 
small  batch  of  glaze  and  fritted  it,  and  applied  it  to  a  hard 
porcelain  body  which  burned  very  dense  at  cone  8.  The 
factors  which  go  to  produce  a  crystalline  eflfect  were  given 
in  this  article  as,  first,  a  continuously  oxidizing  fire ;  second, 
a  gradually  increasing  temperature;  third,  a  gradually  de- 
creasing temperature;  and  fourth,  the  elimination  of  the 
alumina.     The  composition  of  this  glaze  was 

0.8  KjO\1.7  SiO, 
0.7  ZnO  /0.8  TiOa 

This  glaze  is  free  from  alumina,  and  when  fused,  lies 
quietly.  I  think  the  paper  said  the  titantic  acid  did  not  go 
into  solution.  In  the  fritt  I  made,  I  found  it  did.  After 
making  the  fritt,  I  applied  the  same  in  a  dab  in  the  center 
of  a  smaH-tile.  I  did  not  have  access  to  a  kiln  having  the 
proper  temperature  at  that  time,  and  so  I  put  it  back  into 
the  fritt  kiln,  where  it  is  almost  impossible  to  maintain 
oxidizing  conditions,  or  to  raise  the  temperature  slowly,  or  to 
cool  slowly.  However,  I  did  the  best  I  could  with  these 
unfavorable  conditions.  On  examining  the  results,  I  found 
the  center  was  perfectly  clear,  but  around  the  rim  of  the 
glaze  were  these  little  flossy,  silky  crystals,  which  we  saw  in 
the  piece  which  Mr.  Hasburg  passed  around. 

Professor  Binns:  In  regard  to  the  production  of  crys- 
talline glazes,  it  seems  to  me  that  it  must  always  rank  with 
the  Rookwood  Tiger  Eye  or  Gold  Stone,  as  more  or  less  of 
a  cera|ific''curiosity.  It  must  not  be  supposed  that  it  will  be 
of  commercial  value.  It  ranks  with  the  fine  art  productions 
which  made  the  old  Chinese  so  famous.  Such  productions 
are  fine  art  and  not  science.  I  am  coming  more  and  more 
to  the  conclusion  that  the  production  of  fine  ceramics  is  as 
much  a  matter  of  art  as  of  science.  This  is  illustrated  by  a 
conversation  which  I  had  with  a  Japanese  student  in  my 
school  regarding  the  production  of  copper  reds.  He  says  that 
the  most  successful  man  in  Japan  in  the  production  of  copper 
xeds  told  him  that  about  one  piece  out  of  two  hundred  is 
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successful,  and  moreover  he  finds  it  a  mistake  to  use  artificial 
material  if  he  can  get  the  natural.  He  won't  use  ground 
silica  in  any  form.  He  gathers  together  a  mass  of  rice  husks 
and  calcines  them  to  procure  finely  divided  silica  from  the 
ash.  This  opens  the  limitless  field  of  research  (if  it  was 
limited  before,  which  I  doubt).  The  Japanese  potter  who 
picks  up  a  stone  by  the  roadside  and  uses  it  obtains  a  result 
which  he  cannot  duplicate,  but  he  may  get  a  fine  thing. 
The  production  of  crystalline  effects  belongs  to  the  same 
class  of  beautiful  and  rare  ceramics,  of  which  we  are  begin- 
ning to  take  cognizance.  We  are  coming  to  see  that  there  is 
more  than  cold  science  to  be  reckoned  with.  It  is  the  art 
which  make  a  physician  a  good  physician,  and  the  art  which 
makes  a  potter  a  good  potter.  It  is  the  art  which  has  made 
some  practical  men  superior  to  some  men  depending  only  on 
science,  and  which  we  always  have  to  take  into  account  in 
the  production  of  finer  work. 

Mr.  W.  D.  Gates:  Regarding  that  Japanese  silica  derived 
from  rice  husks:  doesn't  that  produce  an  intensely  fine  silica  ? 

Professor  Binns:  That  was  the  point  in  glazes.  This 
intimate  mixture  of  silica  and  carbon,  which  they  depend  on 
to  help  the  reduction  of  copper  to  the  red  color,  was  secured 
from  rice  husks. 

Mr,  J.  W.  Hasburg:  Concerning  copper  reds  being  so 
accidental  as  one  in  two  hundred, — that  might  be  the  case 
with  the  man  who  did  not  know  his  business  and  does  not 
know  how  to  get  the  copper  red.  I  do  believe  it  is  a  fact 
from  a  scientific  standpoint,  that  it  is  a  purely  chemical 
process*  It  is  produced  by  special  conditions  and  chemicals, 
and  when  the  conditions  and  chemicals  are  right,  the  red  will 
i>e  produced.  I  believe  that  where  the  production  of  copper 
red  is  thoroughly  understood,  it  is  not  a  case  of  one  chance  in 
two  hundred,  but  that  it  will  be  produced  nearly  every  time 
with  little  variation.  I  have  succeeded  in  producing  these 
reds  and,  therefbre,  can  speak  from  experience. 

Professor  Binns:  Just  as  I  said  before — the  production 
of  copper  red  is  not  under  the  control,  absolutely,  of  any 
known  set  of  conditions.  Of  course  there  are  special  condi- 
tions to  produce  it,  but  at  the  present  time  we  do  not  know 
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exactly  what  they  are.  We  could  hardly  find  a  higher 
exponent  of  science  than  Seger;  yet  his  copper  red  is  not 
to  be  compared  with  that  prodnced  by  the  famous  Lang  Yao 
family  in  China. 

Mr.  W.  D,  Gates:  My  experience  with  copper  red  is 
that  you  want  to  get  your  theories  in  good  shape,  go  to  work 
and  flirt  with  it — then  do  something  else. 

Professor  Binns:  It  is  a  matter  of  common  knowledge 
that  one  of  the  Havilands  of  Limoges  spent  150,000  francs 
in  an  effort  to  produce  copper  reds,  and  after  some  years 
consumed  in  experimenting,  gave  it  up  as  a  failure.  Looking 
at  some  of  his  samples  in  the  light  of  present  knowledge,  I 
think  I  can  see  where  he  failed,  but  I  don't  believe  I  could 
do  any  better. 


STONEWARE  SUPS  OR  ENGOBES. 

BY 

SAMUEL  GEUSBEEK,  Denvbb,  Ck>L. 

Engobes  or  slips  are  natural  clays  or  clay  mixtures  de- 
signed to  cover  other  clay  bodies,  whose  color  we  desire  to 
conceal.  They  also  can  serve  as  ground-layers  for  decora- 
tive effects,  in  case  the  article  is  to  be  decorated.  Generally 
an  engobe  is  used  to  increase  the  value  of  the  product  on 
which  it  is  applied.  In  these  cases,  the  engobe  is  a  more 
expensive  mixture  than  the  clay  body  on  which  it  is  used. 
Sometimes  its  value  is  the  same  as  the  clay  on  which  it  is 
applied,  and  only  serves  to  cover  the  color. 

The  use  of  engobes  is  a  very  old  one,  and  history  tells 
us  that  the  Greeks  already  used  engobes  in  three  colors — 
white,  red  and  yellow.  Edwin  A.  Barber,  in  his  book, 
"  Pottery  and  Porcelain  of  the  United  States,"  says  in  regard 
to  engobes :  "  Perhaps  there  are  no  products  of  the  potter's 
art  more  interesting  to  the  antiquary  and  the  collector  than 
the  rude  *  slip-decorated '  pieces  which  were  made  in  Eng- 
land and  Germany  during  the  seventeenth  and  eighteenth 
centuries.'' 

Engobed  ware  was  made  in  Pennsylvania  as  early  as 
1762  and  the  industry  flourished  until  about  1850.  Eugobed 
ware  was  not  made  thereafter  in  large  quantities  until  the 
art  potters  took  it  up  some  years  ago.  Stoneware  manufac- 
turers are  now  using  it  more  and  more,  and  we  find  quite  a 
nice  variety  of  "  white  lined  "  clay  products  throughout  the 
country. 

In  the  art  branch  of  ceramics,  engobes  are  extensively 
used.  These  engobes  are  compounded  in  order  to  obtain 
decorative  effects  and  are  commonly  termed  '*  colored  slips." 
Terra-cotta  manufacturers  are  using  engobes  to  a  very  large 
degree,  and  produce  some  very  good  effects  with  the  same. 

The  nature  of  engobes  can  be  twofold.  They  can  be 
white  or  colored.     In  the  first  instance,  they  are  mixtures  of 
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pnre  white  burning  clay  materials,  and  in  the  second  way, 
they  can  be  natural  colored  clays  or  mixtures  of  clay,  tinted 
with  color-producing  mineral  ingredients. 

On  stoneware,  the  engobe  is  usually  white,  while  on 
artware  and  terra-cotta,  mostly  colored. 

Bngobes  are  mostly  applied  to  the  ware  in  the  green 
state,  either  by  dipping  or  spraying.  Experiments  have 
been  made  to  apply  the  engobe  on  the  dry  ware,  with  vari- 
ous success.  It  is  evident  that  both  ways  can  be  used,  and 
it  depends  upon  the  product  on  which  the  engobe  is  to  be 
applied. 

Bngobes  can  be  covered  with  a  glaze,  or  they  may  them- 
selves form  a  vitrified  coating.  When  an  engobe  is  covered 
with  a  glaze,  it  can  be  applied  to  the  engobe  in  green  state, 
or  after  the  engobe  is  burnt  once.  To  the  first  class  belong 
stoneware,  and  to  the  other  class,  artware. 

In  Germany  we  find  a  few  clays  which  are  put  on  the 
market  and  are  specially  adapted  for  engobe  purposes.  We 
do  not  have  any  special  grade  of  this  kind  of  clay  on  .the 
market  in  this  country,  as  clay-miners  never  have  made  any 
effort  to  foster  that  trade. 

In  order  to  make  a  clay  valuable  for  white  engobe  pur- 
poses, it  should  possess  a  certain  degree  of  plasticity;  it 
should  burn  white ;  it  should  be  able  to  adhere  to  another 
day  in  such  a  way  as  to  give  a  uniform  coat  when  applied 
as  a  thin  slip ;  it  should  have  the  same  shrinkage  as  the  clay 
on  which  it  is  applied,  and  should  be  able  to  hold  a  glaze 
without  defects. 

According  to  Dr.  Seger,  the  two  German  engobe  clays 
which  are  on  the  market  have  the  following  composition : 


8iO,.. 

S?i?.' 

MgO. 
K,0. 
H.O. 


Oologne— Meis- 
sen Clay 


62.52 
25.57 
0.92 
0.65 
0.10 
l.Oi 
9.27 

100.07 


so 
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Rational  analysis  of  both : 


Clay  Bubstanoe. 

Feldspar 

FUnt 


72.05 

0.10 

27.78 


I  have  so  far  been  nnable  to  find  in  America  a  white 
burning  plastic  clay  which  would  answer  for  engobe  pur- 
I>oseS)  and  which  would  have  nearly  the  same  composition 
as  the  German  Clays. 

The  clay  mined  and  marketed  by  Fischer,  Black  &  Co. , 
of  Newport,  Pa.,  is  the  only  clay  of  which  I  know  which 
comes  close  to  the  German  engobe  clays  cited  above.  The 
analysis  is  given  below : 


810.. 
AlaO, 

MgO.. 
K,0. 
H.O.. 


Analysed  by 
Langenbeck 


62>o9 
26.14 
0.67 
0.60 
0.75 
2.32 
7.65 

100.82 


AnalyMdby 
Oelfflbeek 


62.80 
27.07 
0.68 
0.64 
0.18 
1.86 
7.74 

100.86 


Rational  analysis : 


Clay  substance 

Feldspar 

Flint 


68.70 

2.42 

29.24 


I  have  made  some  thirty  different  experiments  with  this 
clay  for  engobe  purposes  without  any  satisfactory  results, 
and  have  come  to  the  conclusions  that  this  clay  does  not 
answer  for  that  purpose,  although  it  is  in  chemical  composi- 
tion nearly  like  the  German  clays. 

In  making  further  experiments  along  this  line,  I  used 
various  American  kaolins  as  they  are  put  on  the  market,  and 
of  the  numerous  varieties  tested,  the  Florida  kaolin  and  the 
Graham  kaolin  answered  the  purpose  best.  I  first  used  the 
Spencer  kaolin,  with  various  success,  but  abandoned  the 
same  later  on  for  commercial  reasons. 
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In  condacting  such  experiments,  there  are  at  present  no 
rules  which  conld  be  nsed  in  gniding  one  in  order  to  obtain 
satisfactory  results,  and  I  am  sorry  to  state  that  so  far,  my 
experiments  have  not  yet  given  me  a  basis  from  which  to 
formulate  a  rule  which  would  be  useful  in  making  further 
experiments. 

It  is,  strictly  speaking,  an  experiment  in  which  plasticity 
and  shrinkage  play  the  greatest  part. 

I  have  found  that  in  making  colored  engobes  it  is  much 
easier  to  obtain  a  satisfactory  clay  than  in  making  white 
engobes.  For  such  purposes  I  have  been  able  to  use  regu- 
larly the  ball  clays  without  any  additions.  As  coloring 
material,  I  have  found  that  the  ordinary  underglaze  colors  on 
the  market  answer  the  purpose  very  well. 

In  making  engobes  for  stoneware,  it  was  always  desired 
to  have  a  white  engobe,  which  could  be  used  for  inside  work, 
such  as  for  jars,  milkpans,  buttercrocks,  chums,  and  so  on. 
Stoneware  people  call  these  engobes  under  the  familiar 
name  of  '^white  linings  or  enamels.'' 

My  first  experiments  were  conducted  on  washed  stone- 
ware clay  as  used  by  Sherwood  Bros.,  New  Brighton,  Pa. 

The  rational  analysis  of  this  clay  is : 

Clay  substance 66.64 

Feldspar 2.46 

Flint 8102 

I  determined  first  the  relative  shrinkage  between  the 
Florida  kaolin  and  the  stoneware  clay,  as  I  intended  to  use 
the  Florida  kaolin  as  a  basis  for  the  experiment. 

A  thin  coat  of  kaolin  slip  on  the  stoneware  would  be 
shivered  off  entirely,  after  burning,  showing  that  the  kaolin 
shrunk  more  than  the  stoneware  clay. 

The  addition  of  non-plastic  material  was  next  tried.  75 
per  cent  of  kaolin,  and  alternately  25  per  cent,  of  flint, 
feldspar  and  whiting.  Of  these  three  experiments,  the  two 
last  showed  the  best  results,  and  further  experiments  were 
made  in  that  direction. 
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Of  the  above  twelve  experiments  it  was  found  that  B7 
answered  best  foi  stoneware  slip,  and  next  best  was  Bj4. 
The  difference  between  tbc  two  was  tbat  Bj  was  whiter  than 
634.  None  ot  these  mixtures  peeled  on  the  stoneware  clay, 
the  only  defects  they  showed  was  cracking  in  drying  on  a 
few  pieces.  The  only  trouble  with  B,  was  that  the  shrink- 
^;e  was  just  a  little  less  than  the  body,  so  that  when  applied 
on  the  outside  of  the  ware  it  would  crack  off  the  edges  of  the 
body.  Therefore  it  was  advisable  to  see  what  another  kaolin 
would  do.  Spencer  kaolin  was  substituted  for  the  Florida 
kaolin.  This  substitution  obviated  the  trouble  above  men- 
tioned  at  once,  and  the  mixture  gave  very  satisfactory  results, 

While  engobe  B,  did  not  shrink  enough,  and  none  of 
the  other  experiments  showed  any  improvement  in  that 
respect  for  outside  work,  I  concluded  that  the  cause  was  due 
to  too  much  plastic  clay.  I  calcined  some  of  the  Florida 
kaolin,  and  made  mixtures  with  the  same  formula:  B7,  but 
varying  proportion  of  calcined  kaolin.  I  took  account  of  the 
loss  of  weight  in  the  calcined  kaolin,  in  weighing  it  into  the 
new  test  batches,  and  obtained  an  excellent  engobe  for 
outside  work.     B,,  gave  the  best  resnlts. 


BDBoba  NmnbeT 

B., 

B,. 

B,. 

M 
IS 

10 
IB 

60 
21  6 
10 
16 

16 

These  few  experiments  show  that  there  are  several  ways 
to  get  a  suitable  "  white  lining  "  or  eugobe  for  stoneware,  and 
judging  from  past  experience  with  the  above  engobes,  I 
think  that  B^g,  where  calcined  clay  was  used,  would  give  in 
the  long  run  the  best  results,  especially  on  stoneware,  where 
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body,  engobe  and  glaze  are  all  brought  to  perfection  in  one 
bam. 

All  samples  were  fired  at  cone  8,  and  the  glaze  employed 
for  all  engobes  was 


0.?  CaO  }  0-^  ^»^«    4810. 


In  connection  with  these  experiments,  I  beg  to  call  your 
attention  to  the  solubility  of  bodies  and  engobes  in  glazes. 
When  I  started  these  experiments,  I  was  told  to  use  the 
regular  white  stoneware  glaze  employed  by  Sherwood  Bros, 
at  that  time.  I  judge  it  was  a  zinc-boxo-lime  glaze,  but  do 
not  know  its  composition.  On  using  this  glaze,  all  engobes 
showed  that  the  layer  of  white  material  was  attacked  to  such 
an  extent,  that  the  body  was  plainly  visible,  and  the  effect 
of  the  engobe  was  lost. 

Engobe  glazes  should  be  so  compounded  that  their 
solvent  power  is  very  low.  Easily  fusible  glazes,  which  do 
not  need  a  high  fire  to  be  called  ^'  finished,"  will  not  dissolve 
any  important  part  of  the  body,  if  they  are  not  fired  higher 
than  their  proper  finishing  point.  But  when  fired  at  a  high 
heat,  their  solvent  action  on  saturating  themselves  with  the 
ingredients  of  the  body,  is  very  great,  and  such  glazes  can 
not  be  used  for  engobe  purposes.  Glazes,  as  generally  used 
in  stoneware  potteries,  high  in  alumina  and  silicic  acid  are 
usually  well  adapted  for  engobe  purposes. 

Some  time  ago  I  was  called  upon  to  make  engobes 
suitable  for  western  stoneware  clays.  I  soon  found  that 
engobes  which  work  well  on  one  clay,  may  not  work  so  well 
on  another. 

The  clays  in  questions  were  the  Colchester,  111. ,  and 
Tennessee,  Ills. ,  stoneware  clays  as  used  in  Macomb  and 
Monmouth,  Ills. 

The  rational  analysis  of  these  clays  is  as  follows : 

Oolehester  Tennesaee 

Clay  substance  ...  54.60  66.70 

Feldspar 4.51  2.25 

Flint 40.89  32.05 

The  Tennessee  clay  resembles  very  closely  the  New 
Brighton  clay  in  rational  analysis,  and  works  about  as  well. 

6Cer 
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Bngobes  B7  and  83 4  did  not  work  well  on  these  clays. 
B7  would  crack  and  lift  up  in  drying,  and  peel  afterwards, 
while  Bi4  would  only  crack. 

A  substitution  of  Florida  kaolin  for  Graham  kaolin  was 
made.  It  was  found  that  Graham  kaolin  No.  1  was  a  better 
product  than  Spencer  kaolin.  It  shows  the  same  properties 
as  Spencer  kaolin,  and  has  nearly  exactly  the  same  shrink- 
age.   In  rational  analysis  they  are  nearly  alike. 

Graham  KaoUn 

No.  1  Spencer  Kaolin 

Clay  substance ... .  95.88  94.12 

Feldspar 0.12  1.60 

Flint 4.00  4.68 

The  results  of  the  substitution.  B51,  was  an  improve- 
ment over  B7.  The  only  defect  was  that  when  the  glaze 
was  applied,  the  engobe  would  blister.  After  some  experi- 
ments it  was  found  that  a  combination  of  engobe  B51  and 
B24  would  give  good  results. 

Engobe  Bg^  which  was  adopted  as  satisfactory  for  both 
the  Colchester  and  Tennessee  clays  had  the  following  com- 
position : 

Florida  kaolin 82.5 

Graham  kaolin 37.5 

Brandywine  feldspar 20 

Commercial  whiting 10 

This  engobe  worked  well  on  dry  and  green  body;  it 
could  be  dipped  in  and  outside  at  the  same  time ;  and  the 
burning  was  all  done  in  one  fire. 

As  it  seemed  strange  that  flint  could  not  be  used  so  far 
in  engobe,  I  have  started  experiments  on  that  subject,  but  as 
yet  I  have  been  unable  to  finish  the  same  or  come  to  any 
conclusion. 

As  stoneware  glazes  have  a  tendency  to  pin-hole,  it  often 
happens  that  the  engobe  underneath  will  be  discolored  in 
use,  by  absorption  of  dirty  liquids  through  the  glaze,  and 
with  a  view  to  obviate  this  trouble,  I  have  started  another 
set  of  experiments  which  will  give  vitrified  engobes  on 
stoneware  bodies.  The  results  so  far  have  been  very  satis- 
factory, and  I  have  produced  two  engobes  which  get  around 
this  trouble. 
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One  experiment  was  started  on  the  line  of  vitrifed  bodies, 
and  results  were  obtained  with  a  formula  of  the  following 
composition : 

1  K,0       2.16  A1,0,        10.80  8iO, 

and  the  other  experiment  was  started  on  the  stoneware  glaze 
line.     It  had  the  formula 

All  experiments  were  glazed  with  the  stoneware  glaze 
as  mentioned  before  and  burnt  between  cone  6  and  cone  8 
heat. 

DISCUSSION. 

Mr.  W.  J.J,  Bowman:  I  do  not  know  that  I  have  any- 
thing to  add  to  that  paper.  My  experiments  in  a  certain 
way  have  followed  much  the  same  lines  as  those  outlined  in 
the  paper,  and  his  experience  has  been  mine.  I  would  like 
to  say  that  I  think  it  is  necessary  to  have  a  proper  body  un- 
derneath, as  well  as  a  proper  slip.  In  other  words,  I  think 
there  are  certain  bodies  to  which  we  cannot  make  a  slip  stick. 
At  least,  that  has  been  my  experience. 

I  would  like  to  raise  one  point,  and  that  is  whether  the 
author  means  that  the  slip  comes  off  in  firing  or  whether  it 
comes  off  when  applying  it,  or  drying  ?  He  mentions  in  one 
place  that  the  slip  peels  off  the  outside.  In  some  cases, 
I  find  it  will  do  this,  if  the  shrinkage  of  the  slip  is  not 
sufficient  in  the  green  state ;  in  other  cases,  it  will  stay  on  in 
the  green  state  but  come  off  when  fired,  which  is  due  to 
quite  another  condition.  One  fact  which  I  have  experienced 
and  never  could  understand  is  this  :  I  have  had  a  case 
where  the  shrinkage  of  two  different  bodies  would  be  entirely 
different  and  yet  the  same  slip  would  apparently  work  alike 
on  either.  The  shrinkage  of  the  body  did  not  seem  to  take 
much  effect  on  the  slip.  It  would  shrink  down  with  one 
body,  which  shrank  twice  as  much  as  the  other. 

Professor  Orion :  Do  you  mean  the  shrinkage  occurring 
in  firing  or  in  drying  ? 

Mr.  Bowman :  In  firing.  One  would  shrink  an  inch  to 
the  foot  and  the  other  an  inch  and  a  half,  and  yet  the  same 
slip  would  apparently  work  as  well  on  one  as  the  other. 
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Mr,  Stanley  G.  Burt:  The  slip,  however,  would  have  a 
still  greater  contraction  than  the  body  in  both  cases. 

Mr,  Bowman:     Yes. 

Mr.  E,  C.  Stover:  Is  not  the  explanation  to  that,  that 
the  deficiency,  as  it  were,  of  certain  ingredients  in  the 
mixture  is  supplied  by  an  excess  of  it  in  the  body  ?  I  think 
the  line  of  experiments  made  by  Mr.  Binns  seemed  to  show 
that.  Under  a  very  hard  fire,  the  mixture  of  engobe  being 
deficient  in  one  of  the  ingredients,  and  there  being  an 
excess  of  that  in  the  body,  the  hard  fire  will  make  it  borrow, 
as  it  were,  from  the  body  and  therefore  change  its  shrinkage 
and  make  it  fit  the  body. 

Mr,  Burt:  I  think  the  slip  undoubtedly  undergoes  a 
chemical  change,  much  as  the  glaze  does.  When  you  get  a 
slip  which  has  an  excess  of  contraction,  the  moment  you 
have  vitrification  of  the  slip,  there  is  an  incipient  action  on 
the  body;  so  if  the  the  slip  vitrifies,  it  has  entered  into  a 
certain  chemical  combination  with  the  body.  As  long  as 
you  have  a  porous  engobe,  there  is  a  mere  mechanical  bond 
which  is  easily  broken ;  but  as  you  approach  vitrification  of 
your  slip,  you  get  a  chemical  bond  which  is  more  difficult  to 
break. 

Mr.  Bowman:  The  question  I  raised  was  how  the  slip 
adjusted  itself  to  the  different  shrinkages  and  did  not  tear. 

Mr,  Burt:  It  has  a  certain  elasticity,  you  know.  If 
you  should  go  beyond  that  limit  of  elasticity  of  the  slip, 
it  would  tear. 

Professor  Binns:  I  think  the  probable  explanation  is 
that  the  slip  in  the  first  place  was  adjusted  to  the  larger 
body.  If  it  had  been  adjusted  to  the  smaller  shrinkage,  it 
would  scarcely  have  accommodated  itself  to  the  larger.  The 
extra  shrinkage  could  be  taken  up  by  the  body,  but  if  it  had 
been  adapted  to  a  smaller  one  in  the  first  place,  it  would  peel 
on  the  larger.  I  will  ask  Mr.  Bowman  if  he  did  not  find, 
after  all,  that  the  cohesion  of  the  slip  and  the  body  was  less 
important  than  the  cohesion  of  the  glaze  and  the  body — 
providing  the  upper  and  lower  agreed,  the  intermediate  layer 
did  not  so  much  matter  ?  If  the  glaze  agrees  with  the  body, 
the  slip  can  have  a  wider  range.    And  if  you  have  a  glaze 


STONEWABE  SLIPS  OB  BNOOBFS.  57 

which  will  shiver  on  the  main  body,  even  if  you  apply  a 
good  slip  to  it,  it  will  shiver,  the  slip  peeling  right  oflF  with  it. 

Mr.  Ray  71  Stull:  I  happened  accidentally  to  produce 
something  in  a  recent  experiment  which  may  throw  light  on 
the  subject.  I  made  a  China  body  and  casted  two  small  vases 
from  it,  using  the  same  mould.  One  I  packed  in  flint,  inside 
and  out,  and  burned  to  cone  eight.  The  other  I  did  not 
pack  in  flint,  and  burned  to  cone  four.  To  my  great  surprise, 
the  one  burned  to  cone  eight  was  larger  than  the  one  burned 
to  cone  four.  The  flint  on  the  inside  of  the  one  finished  at 
cone  eight  prevented  shrinkage,  while  the  one  not  packed  in 
flint  was  perfectly  free  to  shrink. 

Professor  Orion :  I  am  glad  Mr.  Stull  rose  to  make  that 
point,  as  I  was  about  to  ask  him  to  do  so.  It  seems  to  me  a 
very  pretty  little  point  with  a  clear  application  in  this 
connection.  He  showed  me  these  trials,  and  I  was  surprised 
to  find  such  difference  of  size  in  two  vases,  cast  in  the  same 
mould,  of  the  same  slip.  Both  were  vitrified,  both  thoroughly 
hard,  both  translucent.  The  quality  of  the  translucency  in 
the  one  which  shrunk  the  least,  was  somewhat  deficient 
as  compared  with  the  other ;  but  this  may  have  been  due  to 
the  fact  that  the  flint  packed  inside  of  it  had  adhered  slightly 
to  the  inner  surface,  and  did  not  come  off  perfectly  clean, 
and  thus  made  a  slight  lack  of  translucency.  You  can  see 
the  shadow  of  your  finger  through  the  walls  of  the  vase  in 
both  cases.  The  one  which  had  a  mechanical  bar  to  shrink- 
age, underwent  vitrification  without  condensation,  and  the 
one  which  had  no  bar  to  shrinkage,  underwent  vitrification 
and  condensation  as  well.  If  this  would  occur  in  the  case  of 
Mr.  StuU's  porcelain  body,  I  do  not  see  why  it  would  not 
work  in  the  case  of  a  stoneware  slip. 

Mr.  D.  C.  Thomas:  Which  of  the  two  vases  shrunk  the 
most  ? 

Mr.  Stull:  The  one  finished  at  cone  four,  which  had  no 
resistance  to  shrinkage.  I  might  add  to  that,  that  the  differ- 
ence in  shrinkage  between  the  two  was  at  least  three  per 
cent.  The  one  burned  to  cone  four  shrunk  at  least  three  per 
cent,  more  than  the  one  burned  to  cone  eight — I  presume 
more. 
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Mr.  Burt :  I  would  like  to  ask  Professor  Orton  how  that 
bears  on  the  question  of  Mr.  Bowman's. 

Professor  Orton:  We  have  here  a  case  where  a  porcelain 
vase,  not  dissimilar  in  composition  to  the  stoneware  slip,  had 
a  mechanical  bar  to  shrinkage  in  the  shape  of  a  whole  lot  of 
flint  packed  inside  of  it.  That  vase  was  carried  up  to  the 
vitrification  temperature,  where  ordinarily  it  would  shrink 
greatly.  The  little  vase  which  was  not  packed  with  flint 
had  an  opportunity  to  shrink  and  did  not  shrink.  The  other 
one  which  could  not  shrink,  went  on  and  vitrified  all  right, 
and  became  translucent,  showing  that  the  chemical  reactions 
took  place  in  their  usual  order,  but  that  the  vitrified  walls  of 
the  vase  were  sufficiently  viscous  to  take  the  size  of  the 
mass  of  flint  which  they  held  inside. 

Now,  Mr.  Bowman  says  that  he  put  a  slip,  which  we 
will  assume  is  similar  to  a  porcelain  body — (I  don't  know 
how  closely  similar,  but  of  the  same  general  class  of  sub- 
stance)—  he  put  this  slip  on  two  bodies.  One  body  shrinks 
a  good  deal  and  the  other  less.  It  stays  on  both  without 
rupture,  and  he  asks  why.  It  seems  to  me  that  the  cases  are 
parallel.  There  is  a  mechanical  bar  to  shrinkage  in  both 
cases.  In  one  case  it  was  the  flint  with  which  the  little  vase 
was  filled,  and  in  the  other  case  it  is  the  comparatively  non- 
shrinking  body  upon  which  the  slip  is  fastened. 

Mr,  Burt:  That  would  necessarily  assume  that  the 
high  shrinkage  did  not  take  place  until  after  vitrification 
had  taken  place ;  because,  as  I  said  before,  there  is  nothing 
but  a  mechanical  bond  between  the  clay  and  the  slip  and 
before  vitrification  any  tension  of  any  extent  would  very 
easily  rupture  that  bond.  So  if  we  are  to  assume  that  vitri- 
fication of  the  slip  enabling  it  to  hold  to  this  body  is  due  to 
the  fact  of  a  bond  in  any  way  equivalent  to  that  between  the 
vase  and  the  solid  body  of  flint,  we  must  necessarily  assume 
a  very  firm  bond  to  the  clay  underneath,  and  I  do  not  think 
we  can  consider  that  possible  until  vitrification  has  set  in. 
I  understand  that  the  bulk  of  shrinkage  takes  place  at 
the  vitrification  point,  not  before.  So  you  have  got  to  get 
your  bond  on  the  clay  before  vitrification;  otherwise  you 
will  have  a  tear. 
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Professor  Orton:  I  do  not  see  it  that  way.  It  seems  to 
me  the  shrinkage  undoubtedly  takes  place  during  the  process 
of  vitrification,  and  there  is  no  need  of  a  bond  previous  to 
that  point,  except  as  the  drying  shrinkage  may  require  it, 
and  from  the  minute  you  begin  firing  until  vitrification  sets 
in,  there  is  little  change  in  volume.  If  the  slip  and  stone- 
ware were  separate,  they  would  probably  shrink  differently, 
but  being  fastened  on  each  other,  the  bond  develops  by  vitri- 
fication between  the  two  fast  enough  to  neutralize  the  strain 
produced  by  this  disparity  in  shrinkage  rate  which  would 
occur  if  they  were  free.  That  is  the  way  I  explain  it  —  it 
is  a  sort  of  progressive  attack  on  the  body,  as  well  as  por- 
gressive  change  in  the  slip  itself. 

Mr,  Burt:  I  feel  that  Prof.  Orton's  explanation  is  un- 
doubtedly correct.  If  we  make  a  cone  from  a  glaze  mix 
and  completely  fuse  it,  we  have  as  a  result  a  small  drop  of 
glaze.  Take  the  same  amount  of  glaze,  spread  it  on  a  piece 
of  ware,  fire  it.  and  we  have  this  glaze  extended  over  a  large 
space.  This  seems  to  me  much  the  same  phenomena  that 
we  have  in  the  vitrified  slip.  We  may  apply  our  glaze  to  a 
burnt  piece  or  to  one  of  raw  clay.  It  will  hold  equally  well. 
The  same  is  true  of  an  engobe.  It  may  be  applied  on  the 
clay  or  on  the  biscuit,  and  will  hold  equally  well  in  either 
case,  provided  it  is  properly  compounded.  It  is  absolutely 
necessary,  however,  that  there  be  a  proper  mechanical 
bond  between  body  and  slip,  or  body  and  glaze,  when  vitrifi- 
cation sets  in.  If  this  does  not  exist,  a  glaze  will  crawl  and 
an  engobe  peel. 

Seger  says,  that  in  adjusting  an  engobe  to  a  body,  the 
rational  analysis  of  each  should  be  carefully  considered.  I 
had  hoped  Mr.  Geijsbeek  would  give  us  his  experience  on 
this  subject. 

Professor  Binns:  I  think  there  is  an  interesting  con- 
nection between  that  experiment  and  the  general  practice  in 
porcelain  factories  where  flint  is  commonly  used  to  hold  the 
shape  and  prevent  shrinkage  of  the  ware.  And  it  would  be 
an  interesting  study,  in  this  example,  to  make  a  microscopic 
examination  of  the  structure  of  the  two  vases.  It  seems  to 
me  possible   that   the  larger  body  is  less  dense  than  the 
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smaller.  But  it  shows  the  flexibility  in  vitreous  bodies 
which  can  be  influenced  by  mechanical  means.  I  think  if 
the  fire  had  been  carried  a  little  further  the  larger  vase  would 
have  burst.  I  also  think  it  probable  that  cone  eight  heat 
was  not  thoroughly  reached  in  the  center  of  the  bed  flint. 
You  know  that  heat  penetrates  slowly  into  the  center  of  such 
a  mass.  You  could  not  know  whether  that  temperature  was 
in  the  center  of  the  flint  unless  a  pyrometer  could  be  inserted. 

Mr,  Stull:  I  think  the  comparison  I  made  was  a  fair 
one.  Both  vases  were  fired  in  a  small  sagger  and  in  the 
same  kiln  and  under  similar  conditions.  Even  if  the  cones 
did  not  correctly  represent  the  temperatures,  the  latter  were 
at  least  comparable. 

Mr.  Everett  F,  Townsend :  I  would  say  that  there  is 
about  the  difference  of  one  cone  between  putting  tile  in  a 
sagger  with  sand,  and  putting  it  in  without  sand.  The 
shrinkage  in  the  two  cases  differs  by  about  the  same  amount 
as  that  occasioned  by  one  cone's  change  in  temperature. 


STONEWARE  GLAZES. 

BY 

ROSS  C.  PURDY,  Columbus,  Ohio. 

The  term  stoneware,  as  popularly  used  in  this  country, 
means  a  grade  of  pottery  made  from  a  natural  clay  or  mixture 
of  clays,  which  is  burnt  to  vitrification,  and  in  which  the  body 
and  glaze  are  matured  in  one  and  the  same  fire.  The  articles 
usually  made  are  crude  jugs,  crocks,  receptacles  for  fruits  and 
dairy  products ;  latterly  the  line  has  been  increased  to  include 
many  kitchen,  table  and  toilet  articles;  in  addition,  a  small 
quantity  of  stoneware  is  employed  by  the  chemical  indus- 
tries, for  receptacles,  stills,  worms,  stopcocks,  conduits* 
strainers,  and  similar  wares.  This  constitutes  no  item  in  the 
general  trade,  but  brings  prices  far  above  those  of  general 
stoneware.  In  this  country,  however,  the  stoneware  has  not 
yet  attained  the  reputation  for  excellence  that  is  enjoyed  by 
the  Flemish,  German  or  Japanese  products. 

The  nature  of  the  body  used  in  the  manufacture  of  for- 
eign stoneware  is  unknown  to  the  writer,  but  two  receipts 
given  as  German  stoneware  bodies,  were  found  to  read  as 
follows : 

I.    English  Blue  Clay 25%  II.    Plastic  Fireproof  Clay . . .  96% 

Kaolin 82  Kaolin 80 

FUnt 36  Flint 80 

Spar 8  Spar 4 

The  American  stoneware,  with  perhaps  one  or  two  ex- 
ceptions, is  made  from  either  a  single  low-grade  or  No.  2  fire 
day,  or  a  mixture  of  two  or  more  such  clays.  In  nearly  all 
cases  the  body  may  be  said  to  be  a  native,  yellow  burning 
fire  clay,  containing  enough  fluxes  to  vitrify  it  to  a  blue-gray 
dense  body  at  about  cone  8.  It  is  exceptional,  if  at  all,  that 
a  prepared  body  like  those  cited  is  used. 

I  have  also  seen  German  stoneware  glazes  that  figure 
out  to  be  high-fire  fritted  glazes.  An  illustration  of  these 
glazes  is  as  follows : 
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Fritt— Red  Lead 9.15^ 

Qaartz 82.7 

Borax 27.8 

Whiting 18.2 

Kaolin 12.7 

100.0 

Glaze— Fritt &0% 

Spar 12 

WhiteLead 8 

100 

On  calculation,  the  formulae  of  fritt  and  glaze  are  found 
to  be  respectively : 

Fritt  — 0.136  PbO     )  ,  «  on  ain 

0.244  Na.O  }  0.168  A1,0,  \  f  fx  ^^ 
0.620  Cad     i  *  ^'^^  ^'^^ 

Glaze  —  0.20  PbO    ^ 

0.21  NaoO  I  0  20  AI  O    P.28  SiO, 
0.63  CaO     f  ^'^  -^^'^^  1 0.42  6,0, 
0.06  K,0    J 

The  nature  of  the  body  and  glaze,  sis  given,  suggests  a 
ware  of  much  higher  grade  than  any  American  stoneware. 
I  know  of  only  one  instance  where  an  American  stoneware 
potter  uses  a  lead  glaze,  and  I  do  not  know  of  any  that  use  a 
fritted  glaze. 

It  must  be  that  in  Europe,  "Stoneware"  includes  higher 
grades  of  ware  than  is  generally  accepted  as  such  in  this 
country. 

The  nature  of  the  body,  as  well  as  the  single  burn  with 
its  slow  heating  and  cooling,  precludes  the  use  of  lead  and 
boracic  glazes  from  a  chemical  standpoint.  The  low  price 
obtained  for  the  ware  and  the  consequent  economy  of  manu- 
facturing, necessitates  a  glaze  that  will  mature  with  the  body,, 
giving  a  smooth,  glossy  coating  without  having  flowed,  and 
which  will  not  be  contaminated  by  direct  contact  with  the  fire 
gases. 

Such  glazes  as  are  used  by  American  stoneware  potters 
may  be  classified  as  follows : 

I.    Salt  Glazes 
II.    Blip  Glazes 

{Clear 
White 
Colored 
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SALT   GLAZES. 


Salt  glazing,  while  fast  disappearing  from  use  in  the 
stoneware  industry  today,  is  worthy  of  consideration  because 
of  its  very  interesting  chemical  reactions  and  its  past  im- 
portance. 

To  be  salt  glazed,  the  ware  is  set  more  open  than  the 
ware  which  is  coated  with  a  slip  or  bristol  glaze,  so  as  to 
expose  all  the  surfaces  to  be  glazed  to  the  free  action  of  the 
fire  gases.  The  inside  of  the  pieces  are  glazed  with  a  slip 
glaze,  and  are  not  exposed  to  the  action  of  the  salt  vapors. 

The  heat  attained  is  that  sufficient  to  almost  vitrify  the 
body.  This  is  essential  in  successful  salt  glazing,  for  the 
alkali  fumes  would  penetrate  a  soft  porous  body  and  not 
give  the  desired  fluxed  or  glazed  surface  on  the  ware. 

When  the  trial  pieces  drawn  show  that  the  body  has 
attained  the  required  density,  and  the  fires  have  burned 
clear,  salt  is  thrown  onto  the  fires,  either  a  trifle  damp  or 
with  wood.  Fumes  of  Na  CI  and  water  vapor  are  thus  gen- 
erated, the  water  vapor  decomposing  the  fumes  of  sodium 
chloride,  setting  the  alkali  free  in  the  kiln  to  attack  the  ex- 
posed surface  of  the  ware  and  fusing  it  into  a  thin  coat  of 
glaze. 

The  glaze  thus  formed  must  naturally  approach  the 
formula  of  slip  and  Bristol  glazes,  deriving  the  necessary 
AljOg  and  SiOa  from  the  body.  For  successful  salt  glazing 
the  clay  must  have  approximately  the  same  proportion  of 
AI2O3  to  Si02  as  is  found  to  exist  in  the  slip  and  Bristol 
glazes,  viz:  from  1:5.5  to  1:7. 

SLIP  GLAZES. 

Slip  glazing  is  the  application  to  the  surface  of  the  ware 
of  such  clay  or  clays  as  will  fuse  and  form  a  glaze  at  the 
heat  sufficient  to  vitrify  the  body.  Such  fusible  clays  are  of 
the  ferruginous  type,  burning  to  either  a  red,  brown  or  black. 

The  Albany  slip  is  widely  known  for  its  uniformity  in 
point  of  fusion  and  in  color.  It  is  a  clay  mined  near  Albany, 
N.  Y.  Its  chemical  formula  when  burned,  as  given  by 
Langenbeck,  is 
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014592  CaO    ln'22?2  vbn*   \  8.966  SiO, 
0.3454  MgO  J  "•"^*"  *e»*^8    i 

Slip  clays  possess  some  subtle  quality  given  by  nature 
that  render  them  impossible  of  duplication  by  mechanical 
mixtures  of  the  same  formulae.  Starting  with  a  ferruginous 
clay  as  a  basis,  adding  such  ingredients  as  to  duplicate  the 
formula  of  the  natural  slips  exactly,  one  would  not  obtain  a 
glass  like  or  equal  to  that  of  the  slip  glaze. 

Albany  slip  produces  a  glaze  that  stands  well  upon 
almost  every  clay  body,  prepared  or  natural,  without  crazing 
or  dunting.  It  has  been  observed  that  lead  glazes  contain- 
ing 50  per  cent,  or  more  of  Albany  slip  will  stand  a  greater 
variation  in  the  body  than  will  a  lead  glaze  without  the 
slip  clay.  What  that  subtle  factor  is  which  renders  this  clay 
so  valuable  and  which  refuses  duplication  by  mechanical 
means,  is  not  known. 

BRISTOL  GLAZES. 

A  Bristol  glaze  is  one  composed  essentially  of  silicate 
of  the  alkalies,  alkaline-earths  and  alumina,  applicable  to 
green  ware,  and  capable  of  being  burned  in  open  fire  with 
slip  glazes.  Bristol  glazes  may  be  either  clear  and  colorless, 
white,  or  colored.  The  study  of  clear  and  colored  Bristol 
glazes  will  not  be  taken  up  at  this  time. 

WHITE  BRISTOL  GLAZES. 

The  white  Bristol  glaze  from  a  scientific  standpoint,  is  a 
new  field  for  research.  Its  application  is  so  recent  that  the 
ceramic  chemist  has  had  hardly  time  to  analyze  the  scientific 
causes  for  its  various  behaviors,  or  to  ascertain  the  workable 
limits  of  its  chemical  formula  for  practical  work. 

I  have  not  been  able  to  myself  carry  out  any  extended 
research  on  this  subject,  but  I  have  at  hand  the  record  of  a 
large  number  of  experiments  made  by  a  former  assistant, 
with  whose  methods  of  work  I  am  familiar,  and  in  addition, 
I  have  the  trial  pieces  numbered  to  correspond  to  the  record. 
While  I  would  have  planned  my  series  diflferently  in  some 
respects,  if  attacking  the  problem  at  the  beginning,  I  still 
feel  that  a  good  deal  of  value  can  be  gotten  from  the  study 
of  the  matter  already  at  hand. 
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The  following  notes  are  therefore  to  be  considered  as  a 
digest  of  these  experiments,  supplemented  by  snch  opinions 
as  my  own  experience  has  confirmed  in  the  premises : 

L    Oxygen  Batio  in  White  Bristol  Glaze. 

In  the  hope  of  eliciting  facts  by  comparing  the  oxygen 
ratio  and  the  ratio  of  AI2O3  to  Si02  in  the  glazes  of  which 
I  have  samples  at  hand,  I  calculated  out  the  ratios  and 
tabulated  them.  While  it  was  not  found  that  any  definite 
oxygen  ratio,  and  silica  alumina  ratio  could  be  said  to  be  the 
best,  it  was  evident  that  the  best  Bristol  glazes  had  an 
oxygen  ratio,  ranging  between  1:2  and  1:2.5,  and  silica 
alumina  ratios  ranging  between  1:5  and  1:7. 

From  Table  I,  given  later,  it  is  to  be  noted  that  even 
with  the  oxygen  ratio  with  the  limits  that  seem  to  be  best, 
the  glazes  are  not  good  because  of  physical  peculiarities. 
This  illustrates  the  fact  that  a  Bristol  glaze  stands  between 
the  lead  glazes,  that  are  under  definite  chemical  control,  and 
ceramic  bodies  and  pastes  that  obey  chemical  laws  in  but  a 
small  part,  Chemically,  we  can  increase  or  decrease  the 
fusibility  of  a  clay  body,  but  the  physical  properties  such  as 
shrinkage,  etc.,  are  beyond  chemical  calculation.  It  can  be 
said  that  this  or  that  oxygen  ratio  is  the  best  in  lead  glazes, 
but  such  is  not  the  case  in  Bristol  glazes. 

However,  the  trials  in  table  I,  whose  oxygen  ration  are 
within  the  limits  of  2 — 2.5  are  better  matured  and  have  a 
better  gloss  than  those  of  higher  or  lower  oxygen  ratio. 

/i.    Al^O^  in  White  Bristol  Glazes. 

AljOs  in  Bristol  glaze  performs  the  same  function  as  in 
lead  glazes,  being  an  intermediary  element  between  the 
fluxes  and  the  acid.  In  addition  to  this  chemical  function, 
it  has  a  physical  function  which  enters  but  little  into  that  of 
a  lead  glaze,  viz :  regulation  of  shrinkage  and  maintainance 
of  a  viscous  paste. 

It  was  believed  that  crawling  and  pinholing  was  more 
prevalent  where  the  AI2O3  was  high.  Desiring  to  obtain  the 
evidence  indirectly,  a  number  of  trial  pieces  showing  these 
defects  were  chosen  and  their  corresponding  formulae,  oxygen 
ratio,  and  silica-alumina  ratio  tabulated. 
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TABLE  I. 


No.  of 

EqalyalentB  of  the  Ingredients. 

Oxygen 

SiUca- 
Alamlna 

the  Glaze 

Ratio 

Ratio 

K»0 

ZnO 

OaO 

A1,0, 

BIO, 

AWSVV*^^ 

21 

0.444 

0.444 

0.111 

0.666 

4.44 

3.883 

8.00 

22 

0.60 

0.888 

0.111 

0.6 

4.44 

3.18 

7.26 

28 

0.555 

0  833 

0.111 

0.666 

4.44 

2.90 

6.66 

113 

0.60 

0.40 

0.10 

0.66 

4.00 

3.01 

7.27 

114 

0.65 

0.40 

0.05 

0.6 

4.60 

8.21 

7.60 

177 

0.50 

0.40 

0.10 

0.6 

3.21 

3.28 

6.38 

178 

0.50 

0.40 

0.10 

0.66 

3.80 

•  2.28 

5.07 

179 

0.50 

0.40 

0.10 

0.70 

3.40 

2.20 

4.86 

180 

0.50 

0.40 

0.10 

0.75 

3  50 

2.14 

4.66 

199 

0  60 

0.40 

0.10 

0.55 

4.00 

3.01 

7.27 

231 

0.60 

0.40 

0  10 

0.65 

3.25 

2.45 

5.90 

347 

0  60 

0.40 

0.10 

0.70 

3.60 

1.16 

6.14 

424 

0.40 

0.46 

0.16 

0.55 

2.98 

2.22 

6.86 

443 

0.50 

0.40 

0.10 

0.60 

8.61 

2  57 

600 

444 

0.60 

0.40 

0.10 

060 

8.80 

2.70 

683 

445 

0.60 

0.40 

0.10 

0.60 

4.00 

2.86 

6.66 

446 

0.50 

0.40 

0.10 

0.65 

8.60 

2.44 

5.38 

447 

0.50 

0.40 

0.10 

0.66 

8.80 

2.57 

6.84 

448 

0.60 

0.40 

0.10 

0.66 

4.00 

2.71 

6.15 

As  it  is  impossible  in  commercial  work  to  glaze  all  the 
ware  when  at  "  leather  hard  "  condition,  it  has  become  the 
general  practice  now  to  dip  the  ware  when  "bone  dry,'* 
although  the  finished  ware  is  better  if  dipped  when  "  leather 
hard."    These  trials  were  dipped  when  " bone  dry." 

These  trials  bore  evidence  to  correctness  of  the  assump- 
tion that  crawling,  in  most  cases,  is  due  to  too  much  clay. 
Too  much  clay  means  too  much  shrinkage  in  clay  state, 
either  on  drying  floor,  or  in  kiln,  or  both.  Too  much 
shrinkage  causes  cracks  in  the  glaze,  perhaps  not  perceptible 
at  casual  glance  of  the  operator,  but  which  develop  during 
the  early  stages  of  the  burning,  leaving  on  the  burned  ware 
a  bare  spot  or  seam.  As  the  body  exposed  by  these  bare 
spots  and  seams  does  not  show  evidence  of  having  been 
affected  by  any  fluxing  action,  it  is  safe  to  presume  that  the 
glaze  had  crawled  before  it  had  been  fused  even  to  the 
slightest  extent. 

•65  equivalent  AljOs  seems  to  be  the  maximum  that  is 
safe  to  use  under  the  existing  conditions. 
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To  sec  if  the  converse  was  true,  a  few  trials,  free  from 
crawling  and  pinholding  were  selected,  and  their  correspond- 
ing formulse  found  to  be  as  follows  : 


TABLE  n. 


Iffo.  of 

BqalTalents  of  the  Ingredient!. 

Oxygen 
Batlo 

SlUoa- 

Glaze 

K,0 

ZnO 

OaO 

A1,0. 

810. 

wCVlll  III  IIIW 

Ratio 

54 
106 
107 
110 
111 
116 
670 
575 

0.288 

0.45 

0.60 

0.50 

0.40 

0.40 

0.45 

0.45 

0.4 

0.3 

0.3 

0.35 

0.40 

0.40 

0.40 

0.40 

0.366 

0  25 

0.20 

0.15 

0.20' 

0.20 

0.15 

0.15 

0.38 
0.50 
0.55 
0.55 
0.45 
0.50 
0.50 
0.525 

1.94 
8.50 
4.00 
4.00 
8  00 
4.00 
8.00 
3  15 

1.8 

2-8 

3.01 

8.01 

2.55 

8.20 

2.40 

2.44 

6. 00 
7.00 
7.27 
7.27 
6.66 
8.00 
6.00 
6.00 

There  were  other  trials  free  from  crawling  and  pin- 
holing,  but  as  they  had  the  same  AljOg  and  SiOj  equivalents 
as  those  here  represented,  they  were  not  figured  out. 

It  was  observed,  also,  that  when  the  Al^Os  exceeds  .55 
equivalents,  the  glaze  loses  the  clear  white  color  and  takes  on 
a  grayish  white  tint. 

A  Bristol  glaze  without  any  equivalents  of  clay,  strange 
to  say,  has  not  the  fusibility  of  those  in  which  .05  equivalents 
of  clay  is  used,  as  will  be  seen  by  the  following : 

TABLE  ni. 


Ho. 

K,0 

ZnO 

OaO 

A1,0. 

BIO. 

167 

0.6 

0.4 

0.1 

0.6 

8.00 

168 

0.6 

0.4 

0.1 

0.5 

8.25 

All  A1,0, 

160 

0.6 

0.4 

0.1 

0.6 

8.60 

derived 

170 

0.5 

0.4 

0.1 

0.6 

8.76 

from  Spar 

171 

0.5 

0.4 

0.1 

0.6 

4.00 

es 
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TABLE  IV. 


No. 

K,0 

ZnO 

OaO 

A1.0. 

810« 

172 

0.6 

0.4 

0.1 

0.65 

8.00 

.05  Al.O, 

173 

0.6 

0.4 

0.1 

0  65 

8.26 

derived 

174 

0.6 

0.4 

0.1 

0.65 

8.60 

from  Clfty, 

176 

0.6 

0.4 

0.1 

0.66 

8.76 

balance 

176 

0.6 

0.4 

0.1 

0.66 

4.00 

from  Bpar 

This  being  a  surprise,  the  samples  are  submitted  for 
inspection.  Those  containing  the  clay  are  very  distinctly 
better  than  those  without  it. 

In  the  Bristol  glaze  used  the  most  extensively  in  the 
Muskingum  Valley  district  of  Ohio,  the  equivalent  of  clay 
averages  about  .14,  the  glaze  maturing  at  cone  8  to  9. 

iJJ.     K^  O  in  WhUe  Bristol  Glazes. 

Potash  is  generally  the  only  alkali  flux  used  in  Bristol 
glazes.  Soda  is  sometimes  introduced  by  the  use  of  soda 
spar  or  ground  glass,  but  these  materials  are  seldom  used. 
The  soda  introduced  by  the  small  amount  of  borax  used 
in  some  cases,  is  too  small  to  exert  any  important  influence. 

In  feldspar,  the  stoneware  potter  finds  the  potash  in  the 
best  and  cheapest  form  for  his  use. 

The  practical  limitations  of  the  use  of  feldspar  is 
governed  on  the  one  hand  by  the  amount  of  Al^Og  permis- 
sible in  the  formula,  and  by  the  solvent  action  of  the  potash 
uppn  ZnO  ;  and  on  the  other  hand  by  the  potash  required 
to  flux  the  glaze  to  a  bright  gloss  at  the  heat  used. 

Lead,  as  a  flux  in  a  white  Bristol  glaze,  is  not  permissible^ 
not  only  because  of  its  poisonous  character,  but  because  of 
its  great  solvent  action  upon  ZnO. 

The  empirical  experimenter  in  increasing  or  decreas- 
ing the  fusibility  of  his  Bristol  glaze  generally  attempts 
to  merely  raise  or  lower  the  percentage  amount  of  feldspar. 
In  some  cases,  such  a  course  of  precedure  would  bring  the 
desired  results.  But  through  chemistry  we  learn  the  limits 
of  such  variations. 

From  the  formulae  having  .55  equivalents  of  Al208^ 
which  was  found  to  be  the  maximum  that  could  be  worked 
with  safety,  the  following  were  selected  as  being  the  best : 
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TABLE  V. 


No. 

BqulTStonts  of  the  IngredlenU. 

Oxygen 
RaUo 

BlUoa 

AlnmlnA 

BaUo 

K,0 

ZnO 

OaO 

A1.0. 

810, 

172 
173 
174 
176 
176 
199 
231 

0.6 
0.5 
0.6 
0.6 
0.6 
0.6 
0.6 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.66 
0.56 
0.55 
0.66 
0.55 
0.55 
0.56 

3.10 
3.26 
3.60 
4.00 
4.00 
4.00 
3.25 

2.34 
2.46 
2.64 
3.07 
3.07 
8.07 
2.46 

5.63 
6.90 
6.36 
7.27 
7.27 
7.27 
6.90 

As  each  of  the  trials  in  this  table  was  weighed,  ground 
and  applied  independent  of  any  other,  all  possibility  of  an 
error  influencing  each  one  alike  is  eliminated.  Each  stands 
for  itself. 

It  is  noted  that  .5  K2O  is  found  necessary  to  bring  these 
glazes  to  a  good  maturity  at  cone  5  to  6,  the  heat  at  which 
all  of  the  trials  were  burned. 

To  harden  the  glaze,  lower  the  K2O  and  increase  the 
CaO,  but  do  not  alter  the  AI2O3. 

IV,    ZnO  in  White  Bristol  Glazes. 

Zinc  has  a  double  mission  in  a  Bristol  glaze,  acting  both 
as  a  flux  and  an  opacifier.  Other  than  SnOs,  it  is  the  best 
opacifying  element  known  to  the  potter.  It  is  a  good  flux 
in  lead  glazes,  adding  brilliancy  to  colors.  It  is  also  a  good- 
flux  in  Bristol  glazes,  making  a  more  fusible  RO  combination 
with  K2O  and  CaO,  than  would  KjO  and  CaO  alone. 

It  is  astonishing  to  many  that  ZnO  in  some  Bristol  glaze 
formulae  does  not  act  as  an  opacifier,  but  is  completely  dis- 
solved, leaving  the  glazes  perfectly  clear. 

Two  glazes  showing  this  are  here  quoted : 


TABT.F.  VI. 

No. 

K.O 

ZnO 

OaO 

Al.O, 

810. 

426 
466 

.46 
.56 

.40 
.36 

.15 
.10 

.60 
.45 

3.25 
2.80 

White 
Clear 

eccr 
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All  the  glazes  that  were  either  clear  or  but  slightly 
opaque,  were  selected  and  tabulated  as  follows : 


TABLE  Vn. 


No. 

K«0 

ZnO 

OaO 

AUO, 

810» 

^SS'o" 

SlUoa 

AlamlnA 

RaUo 

106 

0.40 

0.8 

0.8 

0.46 

8.00 

2.66 

6.66 

106 

0.46 

0.8 

0.26 

0.60 

8.60 

2.80 

7.00 

107 

0.60 

0.8 

0.20 

0.66 

4.00 

8.01 

7.27 

106 

0.40 

0.86 

0.26 

0.46 

8.00 

2.66 

6.66 

109 

0.46 

0.86 

0.20 

0.60 

8.60 

2.80 

7.00 

110 

0.60 

0.86 

0.16 

0.66 

4.00 

8.01 

7.27 

116 

0.40 

0.86 

0.26 

0.60 

4.00 

8.20 

8.00 

468 

0.80 

0.86 

086 

0.40 

2.60 

2.27 

6.26 

469 

0.826 

0.86 

0.826 

0.426 

2.66 

2.80 

6.88 

461 

0.876 

0.86 

0.276 

0.476 

2.96 

2.48 

6.20 

460 

0.860 

0.86 

0.800 

0.46 

2.80 

2.88 

6.22 

462 

0.400 

0.86 

0.26 

0.600 

8.10 

2.48 

6.20 

It  is  noted  that,  irrespective  of  the  equivalent  amount  of 
the  other  elements,  the  resultant  glaze  is  either  clear,  or 
nearly  so,  when  the  ZnO  is  .36  equivalent  or  less. 

To  note  the  effect  of  the  use  of  more  than  .4  ZnO,  the 
following  were  compared : 

TABLE  VIII. 


No. 

K.O 

ZnO 

OaO 

A1.0, 

BlO« 

Oxygen 
Ratio 

SlUoa 

AlamlnA 

Ratio 

117 
118 
424 

0.40 
0.40 
0.40 

0.46 
0.60 
0.46 

0.16 
0.10 
0.16 

0.60 
0.60 
0.66 

4.00 
4.00 
2.96 

8.2l> 
8.20 
2.22 

8.00 
8.00 
6.86 

Of  these,  117  is  very  good  except  that  it  is  not  perfectly 
matured.  It  showed  no  evidence  of  crawling.  The  other 
two  crawled. 

It  is  safe  to  assume,  then,  that  when  the  equivalent 
of  Al^Og  is  0.6,  0.45  equivalent  of  ZnO  can  be  safely  usedi 
but  with  0.66  equivalent  of  AljOg  not  more  than  0.4  equiv- 
alent of  ZnO  can  be  used. 

To  zinc,  many  ascribe  9II  the  responsibility  for  the 
manifestations  of  crawling,  but  we  have  not  found  that  to 
be  the  case.    ZnO  and  AlaOs  alike  are  responsible  and  their 
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workable  limits  have  here  been  found  to  be  between  0.50  to 
0.56  equivalent  AljOg  and  0.45  to  0.40  equivalent  of  ZnO. 
When  the  Al^Os  is  high,  the  ZnO  should  be  low,  and  vice 


F.     OaO  in  White  Bristol  Glazea. 

CaO  is  added  as  the  third  RO  element.  It  acts  in  most 
cases  as  a  flux,  but  in  some  it  acts  as  an  opacifier  also,  or  at 
least  adds  to  the  opacity  of  the  glaze. 

CaO  is  an  alkaline  earth,  practically  infusible  by  itself, 
bnt  in  a  silicate  mixture  it  is  readily  soluble  with  a  lead 
flux,  and  at  higher  heats,  with  the  alkali  fluxes. 

It  is  used  in  the  compounding  of  a  Bristol  glaze  in  the 
form  of  ordinary  whiting.  In  some  cases,  it  is  derived  also 
from  CaP],  and  Ca3(P04)3,  but  these  cases  are  rare. 

The  writer  has  made  no  experiments  with  Ca,(P04)s 
as  a  source  of  CaO  but  knows  of  instances  where  it  is  used. 
It  is  said  to  add  opacity  to  the  glaze. 

Fluorspar  is  an  ingredient  that  needs  to  be  added 
very  cautiously.  Its  specific  weight  makes  it  a  troublesome 
factor  in  keeping  the  glaze  mixture  homogenous  in  the  dip- 
ping tubs. 

The  following  trials  will  show  tp  some  extent  its 
chemical  action  : 

TABLE  IX. 


So, 

K.O 

ZnO 

OaO 

A1.0. 

810, 

662 
668 

664 
665 

666 
667 
668 

0.66 
0.66 
0.66 
0.66 
0.66 
0.46 
0.46 

0.86 
0.80 
0.86 
0.80 
0.80 
0.40 
0.40 

JO.lOCaP,    ( 
)  0  00  CaCO,  S 
{ 0.16  CaP,    ) 
}  0.00  CaCO,  / 
f  0.06  CaP,    \ 

1 0.05  CaCO,  r 
f0.06OaPt    ) 
lO.lOCaCO,  5 
J  0.10  CaP,    ) 

1 0.06  CaCO,  J 
J  0.06  CaP.     ) 
(0.10  CaCO,  S 
/  0.10  CaP,    \ 
\  0.06  CaCO,  f 

0.66 
0.66 
0.66 
0.66 
0.66 
0.60 
0.60 

8.76 
8.76 
8.76 
8.76 
3.76 
8.26 
3.26 
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As  to  color,  these  trials  are  whiter  and  glossier  than 
were  those  of  similar  composition,  but  in  which  all  the  CaO 
was  obtained  from  CaCOs* 

Samples  of  these  glazes  were  so  placed  as  to  receive  a 
soft  and  a  hard  burn.  In  the  softer  burned  samples,  the  pin- 
holeS;  while  distinct,  are  not  so  numerous  as  those  on  the 
harder  burned  samples.  This  same  action  of  CaP,  was 
noticed  in  vitreous  tile  bodies. 

These  trials  would  indicate  that  0.05  equivalent  of  CaFj 
is  the  maximum  that  can  be  used  in  these  glazes,  and  that  for 
higher  heats  (cone  7  and  up)  its  use  in  vitreous  or  fusible 
ceramic  mixtures  is  not  permissible. 

It  is  to  be  noted  also,  that  even  with  the  high  equivalent 
of  AlaOg  these  trials  show  no  tendency  to  crawling. 

The  glazes  given  above  contained  0.01  equivalent  of 
of  borax.    The  following  glaze  was  made  up  without  borax 

as  follows : 

.25  Eqv.  Feldspar. 

.20  ^*  Common  Glass. 

.05  •'  Whiting. 

.25  *'  Fluorspar. 

.15  ^^  Magnesia. 

.10  "  Zinc  Oxide. 

.10  **  Clay. 

30  "  Flint. 

The  formula  thus  produced  is : 


0.25  KaO 
0.10  Na.O 
0.40  CaO 
0.15  MgO 
0.10  ZnO 


0.85  AljtOs     2S  SiOa 


This  glaze  was  burned  in  the  open  kiln  at  cone  8.  It 
did  not  pinhole  in  the  least,  and  even  with  the  low  ZnO  and 
AljOft,  was  a  fair  white  Bristol  glaze. 

F7.    SiOt  in  WhUe  Bristol  Glaze. 

SiOsi  as  an  acid,  has  the  same  functions  in  a  Bristol 
glaze  as  in  a  lead  glaze.  However,  as  Bristol  glazes  are  not 
designed  to  flow,  as  are  the  lead  and  boracic  glazes,  but 
rather  to  be  only  thoroughly  fused  to  a  viscous  paste,  the 
acid  does  not  have  quite  the  same  influence.  Indeed,  it  will 
be  seen  that  the  best  Bristol  glazes  have  a  lower  proportion 
of  AI2O8  to  Si02  than  do  the  ordinary  lead  glazes. 
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While  SiOs  is  almost  infusible  by  itself,  it  is  often  the 
case  that  a  glaze  is  too  refractory  because  of  its  low  acidity, 
and  to  soften  it,  more  SiOji  must  be  added.  The  converse 
is  likewise  true. 

As  will  be  seen  by  the  following  formulse  of  Bristol 
glazes  known  to  be  in  use  in  factories  in  different  parts  of 
the  country,  consequently  on  different  clays,  the  best  ratio 
for  alumina  to  silica  is  between  1:6  and  1:7: 

TABLE  X. 


TOBMUIaM 


0,407  K,0 
0.194  CaO 
0.899  ZnO 


OJSffr  Al.O,  {  S.857  810, 


0J77  KaO 
0.180  CaO 
0.444  ZnO 


0.516  A1,0,  I  2.84    810, 


0.460  K,0 
0.160  CaO 
0.400  ZnO 


0.6  Al.O,    I  8.96  810, 


0.897  K,0 
OJKWCaO 
0.810  ZnO 


0.866  AlgO,  1 2.54  810, 


OJOO  K,0 
0.900  CaO 
0.600  ZnO 


0.5A1,0,    I  4.00  810, 


0.824  K.0 
OMS  CaO 

0.886  ZnO 


0.8667  AlgO,  I  8.00  SIO. 


Bftlta  added 

topreTMit 

orawllny 


0.015 
Borax 


0.01 


Borax 


•05  Boraolc 
Add 


Conete  whkh 

Glam 

It  Find 


5-6 


8 


54 


6 


10-12 


4  Inintq^ 


5.68 


5.5 


5.4 


6.9 


8 


SA 


Having  fonnd  that  for  the  conditions  nnder  which  the 
trials  qnoted  were  made,  the  K3O,  ZnO  and  CaO  work  best 
when  in  the  proportions  respectively  of  5:4:1  equivalents, 
with  AljOg  at  0.66  and  a  silica-alumina  ratio  of  about  1:6, 
then  the  following  formula  may  be  regarded  as  the  type  or 
standard  to  be  used  under  like  conditions : 


0.5  K,0 
0.4  ZnO 
0.1  CaO 


I  0.66  Al  ,0,  { 


8  80  810. 


which  will  develop  into  a  good  white  glaze  at  cone  6. 
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VIL    Common  Def ecu  in  White  BrUM  Qlaze. 

I.    Crawling. 
Crawling  may  due  to  any  one  of  the  following  causes  or 
to  the  combined  influence  of  any  two  or  more  of  the  condi- 
tions, even  though  they  may  be  present  in  but  a  slight 
degree. 

A.  Too  high  in  clay,  or  AlgOs 

B.  Too  high  in  ZnO 

C.  Too  thickly  dipped 

D.  Dusty  ware 

E.  Sweating  in  drying,  or   early  stages   of   the 
burning. 

**A"  and  "  B  "  have  been  discussed. 

"C"  is  obvious  to  those  who  have  ever  coated  green 
ware  with  another  clay  mixture. 

**  D  ",  while  it  does  not  receive  much  attention  from  the 
average  stoneware  potter,  is,  nevertheless,  the  cause  of  much 
imperfect  ware.  Electrical  insulating  companies  who  make 
dry  press  ware  have  this  trouble  to  a  larger  entent  than  do 
the  stoneware  companies. 

*  *  E'*  is  better  seen  by  the  following  citation : 

For  economy  of  kiln  space,  and  convenience  as  well, 
coffee  pot  lids  were  often  placed  between  kettles  after  having 
been  dipped,  and  hacked  in  bungs  of  from  20  to  26  each. 
The  kettles  and  lids  contained  such  moisture  as  was 
absorbed  in  dipping.  These  bungs  were  left  on  the  open 
drying  floor  for  three  or  more  days.  The  bungs  were  then 
carried  intact  to  the  kiln. 

It  was  observed  that  on  over  80  per  cent,  of  those  lids, 
the  glaze  would  be  peeled  in  places  and  in  some '  cases 
slipped  off  the  lid  entirely.  That  same  glaze  under  normal 
conditions  of  drying,  worked  beautifully,  having  very  little 
crawling. 

The  crawling  in  this  case  was  obviously  caused  by  the 
thorough  sweating  these  lids  must  have  been  subjected  to, 
being  between  the  crocks  where  no  ventilation  was  possible. 

It  is  a  fact  that  in  a  steam  dryer  with  fair  ventilation, 
tile  containing  from  6  to  10  per  cent,  of  moisture  when 
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placed  within  it,  will  sweat  until  they  appear  to  be  very  wet, 
after  having  been  there  24  hours. 

The  case  just  cited,  while  an  extreme  case,  illustrates 
the  effect  which  too  little  draft  in  the  "  drying  off  "  stage  of 
burning  will  have. 

Most  stoneware  potters  insist  upon  *  *  keeping  the  kiln 
hot  ",  that  is  not  to  allow  them  to  stand  longer  between  the 
burnings  than  necessary  to  draw  and  set.  It  is  the  expe- 
rience of  potters,  known  to  the  writer,  that  if  the  kiln  is 
cool  when  set,  crawled  glaze  can  be  depended  upon. 

This  is  obviously  another  case  of  sweating.  The  kilns 
have  drawn  moisture,  which  with  the  moisture  from  the 
ware,  causes  sufficient  steam  to  thoroughly  sweat  the  ware. 

As  an  antidote  for  crawling,  some  soluble  compound 
snch  as  Na2B407  or  NasCOg  and  Plaster  Paris  slop  are  used. 
To  what  the  counteracting  effect  of  these  compounds  may  be 
due,  is  not  positively  known.  Some  contend  that  in  drying 
the  soluble  salts  crystalize,  so  interlocking  themselves  as  to 
bind  the  whole  into  a  coating  that  will  not  be  apt  to  crawl. 

II.  Pinholes. 

Pinholes  are  more  often  due  to  imperfect  finishing  of 
the  ware.  Small  cavities  left  in  the  surface  of  the  ware, 
become  filled  with  air  when  the  piece  is  dipped.  The  air  is 
expelled,  blowing  a  hole  through  the  glaze  that  has  covered 
the  cavity ;  the  result  being  a  pinhole  in  the  finished  product. 

III.  Dryness. 

Dryness  may  be  caused  by  two  conditions. 

First.     By  too  rapid  raising  of  the  heat  in  the  early 
part  of  the  burning. 

Second.     By  too  low  or  too  high  Si02  as  in  the  last 
formula  given  as  being  known  to  be  in  use. 

IV.  Dusting 

After  the  ware  has  dried,  it  is  rubbed  by  the  hands  and 
clothes  of  the  kiln  setter  and  if  the  glaze  is  too  dry,  enough 
will  be  rubbed  off  to  cause  defective  ware. 

Dusting  is  prevented  by  the  use  of  Ball  clay  in  place  of 
China  clay  or  Na2B407  in  place  of  plaster  slop,  or  use  the 
plaster  paris  before  it  has  had  time  to  harden. 
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DISCUSSION. 


Mr.  Otto  Hensel:  Last  year  there  were  some  experiments 
presented  here  regarding  the  use  of  magnesia  as  a  flux,  but 
no  special  attention  was  called  to  the  value  of  magnesia  as 
to  other  properties  desired  in  a  glaze,  such  as  prevention  of 
crazing  and  preservation  of  color.  If  anything  was  said  on 
this  point,  it  was  mentioned  incidentally,  but  it  was  not 
Stated  that  magnesia  is  more  valuable  than  lime  in  making 
a  glaze  having  a  greater  range  of  use.  In  Germany  they 
ate  beginning  to  pay  more  attention  to  the  value  of  mag- 
nesia than  they  did  before.  As  regards  magnesia  in 
clays,  from  another  aspect,  Dr.  Mackler  states  in  a 
technical  periodical,  that  he  has  subjected  some  fire- 
proof terra-cotta  lumber  to  chemical  analysis.  These  par- 
ticular hollow  blocks  are  imported  into  northern  Germany 
from  southern  Europe,  and  are  in  great  favor  because  they 
have  very  thin  walls  and  are  nevertheless  quite  true  in 
shape.  He  inclines  to  the  belief  that  their  high  content 
of  magnesia,  estimated  at  about  9  per  cent,  carbonate  of 
magnesia  in  the  raw  state,  gives  properties  to  the  clay,  such 
ai  lime  alone  will  not  furnish.  He  announces  that  he  is 
going  to  make  a  further  report  on  the  effects  of  magnesia. 
I  have  noticed  that  clays  in  which  magnesia  is  as  high 
the  lime  are  very  valuable  in  holding  up  their  shape  in 
firing,  and  are  perhaps  of  better  quality  when  burned  than 
if  they  had  been  lime  in  place  of  the  magnesia  present. 

Professor  Orton:  Mr.  President,  I  want  to  say,  in  cor- 
roboration of  what  Mr.  Hensel  has  called  attention  to,  viz: 
that  the  presence  of  magnesia  may  be  a  source  of  peculiar 
value  to  the  potter,  that  I  made  a  series  of  tests  in  the  way 
of  regular  class  work,  in  which  we  attempted  to  make  a  slip 
like  the  Albany,  beginning  with  common  red  shale  as  a  base, 
and  adding  those  ingredients  which  the  shale  did  not  have 
in  itself.  It  was  not  intended  as  a  practical  process,  because 
it  is  cheaper  to  buy  Albany  slip  than  to  make  it ;  but  it 
occurred  to  me  as  a  good  problem  in  the  way  of  drill  in  the 
preparation  of  ceramic  mixtures.  So  we  proceeded  to  alter 
the  red  clay  to  make  it  do  what  Albany  slip  would  do  as  nearly 
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as  we  could.  In  that  series  of  tests,  which  were  only  mod- 
erately snccessfnl,  we  nsed  whiting  to  supply  the  lime  and, 
incidentally  magnesia.  We  construed  the  lime  and  mag. 
nesia  as  equal  and  used  lime  in  place  of  magnesia;  and 
we  were  constantly  troubled  to  get  anything  like  the  desired 
color  effects  where  the  iron  used  was  merely  equal  to  that  in 
the  Albany  Slip.  My  class  in  experimental  work  is  repeating 
the  work  which  we  did  several  years  ago,  with  a  different  clay. 
We  are  taking  red  Bedford  shale  which  is  better  suited  be- 
cause of  more  alkalies  and  more  iron  ;  and  we  are  doctoring 
this  red  shale  into  as  dose  an  approximation  of  Albany  slip 
as  we  can,  but  we  are  using  dolomite  as  a  source  of  lime. 
While  we  have  no  results  as  yet  to  bring  forth,  I  believe  we 
are  rather  in  the  way  of  progress  there,  because  I  believe  that 
magnesia  does  have  a  different  effect  on  the  color  of 
iron ;  or,  rather,  it  fails  to  mask  the  effect  of  iron,  as  lime 
alone  does. 

I  want  to  say  that  this  paper  has  been  a  surprise  to  me. 
Mr.  Purdy  has  been  changing  his  location  from  Ohio  to 
Illinois,  and  the  paper  has  been  prepared  in  the  last  three 
weeks,  in  intervals  of  moving.  He  has  put  together  more 
concrete  information  on  the  subject  of  stoneware  glazes  than 
I  have  seen  in  any  one  place  before.  And,  further,  the  re- 
sults he  exploits,  while  not  prepared,  perhaps,  in  the  way  of 
a  regular  series,  beginning  with  the  changing  values  of  one 
element  at  a  time,  are  a  large  number  of  them  glazes  in 
actual  use  in  representative  stoneware  factories  at  the  present 
time,  and  gathered  by  him  from  a  wide  knowledge  among 
stoneware  men  themselves;  and  I  submit  that  when  the 
paper  is  put  out  in  printed  form,  it  will  be  a  compendium 
for  stoneware  men  which  they  should  be  exceedingly  glad  to 
get,  if  they  are  wise.  Furthermore,  I  believe  that  the  same 
class  of  glazes  are  capable  of  a  wide  extension  in  use  by 
enameled  brick  men.  I  believe  it  is  true  that  there  is  no 
cheaper  glaze  with  which  to  coat  an  architectural  product 
than  those  of  this  general  lime ;  therefore,  to  enamel  brick 
men  and  terra-cotta  men,  I  think  this  paper  is  of  very  sub- 
stantial value. 
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Mr.  Burt :  My  attention  was  called  some  time  ago  to 
the  fact  that  a  high  content  of  zinc  in  a  glaze  appeared  to 
render  the  glaze  less  acid  proof.  Pour-tenths  equivalents  of 
ZnO  is  rather  a  high  content.  Have  any  of  the  members 
experience  enough  to  say  whether  that  amount  does  carry 
with  it  some  danger  as  to  the  stability  of  the  glaze,  as  to 
being  acid  proof  ? 

Mr.  Arthur  5.  Watts :  I  have  had  a  little  experience  in 
that  line.  I  used  for  four-tenths  of  zinc  on  a  glaze  for  porce- 
lain, fired  at  cone  twelve,  single  burn  for  body  and  glaze. 
It  was  repeatedly  tested  with  acid,  and  never  showed  any 
effect  of  attack.  Of  course,  the  temperature  used  was  high. 
Whether  at  a  lower  temperature  like  ordinary  stoneware 
heat,  it  would  be  affected,  I  do  not  know. 
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NOTE  ON  FRITTING 

BY 

STANLEY  G.  BURT,  Cincinnati,  Ohio. 

One  of  the  first  things  I  was  told  on  entering  the  pottery 
business,  was  that  fritting  reduced  the  contraction  of  a 
glaze,  and  therefore  tended  to  stop  craze.  I  have  seen  this 
statement  printed  many  times  since.  It  sounds  very  plausible. 
Crazing  is  undoubtedly  due  to  an  excessive  contraction  of 
the  glaze.  Then,  if  fritting  reduces  contraction,  as  it  un- 
doubtedly does,  why  doesn't  it  stop  crazing  ?  I  quote  from  a 
recently  published  article  on  pottery : 

"  The  preparation  of  the  glaze  is  quite  as  important,  for 
it  is  composed  of  materials  subject  to  great  contraction, 
namely,  quartz,  feldspar,  paris  white,  borax  and  a  little  lead. 
These,  with  the  exception  of  the  latter  article,  are  fritted  or 
melted  in  an  oven  till  they  run  like  molasses,  they  then 
harden  and  are  crushed  and  ground  in  water.  Having  lost 
much  of  their  contractility,  they  are  now  ready  to  coat  the 
ware  and  will  fuse  and  harden  on  the  biscuit  without 
crazing. " 

As  I  said  in  my  paper  last  year,  we  have  in  the  pottery 
business  two  distinct  contractions  which  I  called  permanent 
contraction  or  shrinkage,  and  constant  contraction.  If  we 
fire  a  piece  of  clay  until  it  gradually  approaches  fusion,  the 
pores  close  and  we  say  the  clay  shrinks.  This  is  permanent 
contraction.  When  once  fired  it  can  never  go  back  to  its 
original  size.  Now,  if  the  fired  piece  is  heated  it  will 
expand,  and  on  cooling  will  contract  to  its  usual  size.  This 
I  call  constant  expansion  and  contraction ;  it  is  going  on  all 
the  time,  and  for  the  same  degree  of  heat  is  a  constant 
quantity. 

Much  the  same  thing  occurs  in  fritting  a  glaze ;  it  loses 
its  water  of  crystallization,  carbonic  gas^  etc. ;  it  fuses,  the 
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pores  close^  and  we  have  permanent  contraction :  that  is, 
shrinkage;  It  has  undoubtedly  undergone  a  great  perma- 
nent contraction,  but  what  has  this  to  do  with  the  coefficient 
of  its  constant  contraction  ?  If  we  melt  a  glaze  mix  on  the 
inside  of  a  crucible,  and  call  it  a  fritt,  how  is  it  different 
from  the  same  mix  fired  at  the  same  time  on  the  outside  of 
the  crucible,  and  called  a  glaze  ? 

So  if  we  take  a  glaze  mix  and  fritt  it,  this  mix  fuses  and 
contracts ;  but  this  is  merely  permanent  contraction,  which, 
as  explained,  may  have  no  effect  whatever  on  the  final  coef- 
ficient of  the  glaze,  so  that  a  fritted  gli^ze  may  craze  as  well 
as  a  raw  glaze. 

In  statements  like  this,  that  have  been  handed  down  from 
generation  to  generation,  there  is  generally  some  basis  of 
fact,  and  I  believe  it  is  undoubtedly  true  that  fritted  glaze  is 
less  liable  to  craze  than  a  so-called  raw  glaze.  But,  the 
reasons  for  this  fact  are  entirely  different  from  those  assigned 
above. 

Leaving  aside  the  fact  that  boracic  acid,  one  of  the  best 
means  for  eliminating  craze,  that  is  reducing  the  coefficient 
of  the  glaze,  can  only  be  used  in  a  fritted  glaze,  and  that 
almost  all  fritted  glazes  contain  it  Let  the  same  glaze  be 
tested  raw  and  fritted,  and  I  think  the  fritted  sample  would 
undoubtedly  show  the  lower  coefficient. 

A  glaze  is  a  chemical  combination.  All  such  combina- 
tions take  more  or  less  time  for  their  completion.  The  per^ 
feet  formation  of  a  glaze  takes  quite  an  appreciable  length  of 
time.  We  do  not,  in  firing,  rush  our  kiln  up  to  a  maximum 
heat  and  then  stop.  We  either  approach  gradually,  or  else 
hold  the  kiln  at  its  full  heat  in  order  to  allow  time  for  the 
glaze  to  complete  its  chemical  combination,  or,  as  we  say,  its 
fusion.  An  under-fired  glaze  shows  undissolved  particles  in 
suspension,  but  how  is  it  with  an  over-fired  glaze?  In  this 
case,  having  completely  combined  all  the  ingredients  of  the 
glaze  mix,  it  begins  to  dissolve  those  of  the  body.  Of  the 
body  ingredient  readily  taken  into  solution,  flint  is  the  chief, 
and  this  flint,  taken  from  the  body,  reduces  the  glaze  co- 
efficient. 
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With  a  fritted  glaze  the  chemical  combination  has  already 
been  completed,  so  that  it  fuses  much  more  readily  and 
starts  at  once,  as  it  were,  to  take  np  flint  from  the  body.  So 
in  the  same  interval  of  time,  it  will  be  able  to  take  up  much 
more  than  the  raw  glaze,  and  its  coefficient  will  be  brought 
lower  and  the  danger  of  craze  much  reduced. 

I  feel  it  is  peculiarily  the  duty  of  our  society  to  explain 
pottery  dogmas  like  this,  and  to  make  a  clear  understanding 
of  the  facts  open  to  those  who  care  to  know  them. 


OPPORTUNITIES  FOR  RESEARCH  IN  A  FACTORY. 

BY 

CHARLES  F.  BINNS,  AIiFBED,  N.  Y. 

The  common  acceptation  of  the  term  '^research"  is,  an 
original  investigation  which  tends  to  increase  the  knowledge 
of  mankind,  bnt,  while  not  neglecting  this  wide  definitioui 
the  term  may  be  employed  as  expressing  a  pursuit  of  infor- 
mation which  shall  increase  one*s  own  knowledge,  even 
though  others  may  have  trodden  the  same  path. 

In  this  sense  every  experimenter  is  engaged  in  research 
and  is  adding  to  his  personal  store  of  facts,  even  though  he 
discovers  nothing  new.  At  the  same  time,  even  the  most 
modest  research  must  be  more  than  a  mere  trying  of  recipes. 
There  are  in  the  ranks  of  our  clay  workers,  hundreds  of  men 
whose  love  for  a  recipe  passes  the  love  of  women,  but  who 
never  get  further  than  the  recipes  can  take  them.  The  ex- 
perimenting that  is  needed  is  along  the  line  of  testing  the 
influence  of  various  minerals  and  chemicals  upon  each  other 
under  differing  conditions,  and  thus  preparing  the  way  for 
new  combinations  and  perhaps  important  results. 

But  the  question  will  be  raised,  ^'suppose  a  superinten- 
dent or  foreman  be  successful  in  some  discovery,  of  what  use 
will  it  be  to  him,  and  will  he  be  ready  to  impart  his  knowl- 
edge ?  " 

I  submit  that  the  question  is  premature.  The  spirit  of 
research  slumbers  in  the  minds  of  many.  Perhaps  it  is 
starved  by  the  exigent  demands  of  other  faculties  or  it  may 
be  drugged  into  quietude  by  pride  or  suspicion,  for  even  clay- 
workers  are  human  and  have  human  failings ;  but  let  it  be 
awakened,  let  an  occasional  hour  be  stolen  from  play  and  the 
draught  of  inquiry  be  tasted.  Then  shall  the  spirit  of 
research  awake  and  arise  and  difficulties  will  disappear  as 
dew  before  the  morning  sun. 
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It  has  often  been  remarked  that  the  nature  of  the  work 
to  be  performed,  measures  the  amount  of  time  available  for 
the  performance.  No  young  man^  for  example,  ever  pleaded 
want  of  time  as  an  excuse  for  not  calling  on  his  lady  love^ 
nor  will  pressure  of  other  work  ever  keep  the  devoted  exper- 
imenter away  from  his  pestle  and  mortar. 

It  is  quite  possible  that  no  material  gain  —  no  money 
^ain  —  msi^ollow  new  discoveries  or  new  applications  of 
old  rules,  but  he  who  gains  knowledge  gains  power,  and 
every  success,  even  if  unrecognized,  places  a  man  just  so 
much  further  towards  his  goal.  As  to  the  imparting  of 
knowledge,  a  clay-worker  cannot  make  many  trials,  without 
feeling  the  need  of  some  congenial  spirit  with  whom  to  dis- 
cuss the  results,  and  a  mutual  interchange  soon  follows. 

The  common  idea  of  the  practical  man  —  why  should 
that  expression  not  be  changed  ?  We  are  all  practical  men; 
the  term  seems,  by  common  consent  to  belong  to  the  man 
who  has  nothing  but  his  practical  qualifications  to  stand 
upon,  no  science,  in  other  words  —  is  that  investigation  is 
the  prerogative  of  the  scientific  man,  and  the  college  pro- 
fessor. They  are  not  practical,  and  have  nothing  to  do  but 
weigh  and  mix.  To  state  that  professors  have  no  time  for 
research,  would  be  to  controvert  my  own  argument;  but 
this  I  will  say  —  after  wrestling  with  classes  of  elementary 
students  and  patiently  covering  the  familiar  ground  of  form- 
ula and  reaction,  it  is  an  immense  relief  to  turn  to  the  labora- 
tory table  and  pursue  some  inquiry,  thought  out  perhaps,  in 
theory,  during  wakeful  nights  or  such  spare  moments  as 
may  have  been  secured. 

The  experimenter  in  the  factory  has  one  great  and  far 
reaching  advantage,  viz:  His  kilns  are  being  regularly  fired. 
His  trials  for  the  most  part  are  made  at  the  established  tem- 
peratures of  his  glost  and  biscuit  ovens,  and  all  he  has  to  do 
when  the  trial  is  prepared  is  to  hand  it  on  to  the  kilnman. 

Those  on  the  other  hand,  who  are  popularly  supposed 
to  be  able  to  experiment  more  easily,  have  to  provide  them- 
selves with  even  the  simplest  appliances — to  make  their 
own  saggers,  to  do  their  own  potting,  dipping  and  placing 
and  to  fire  their  own  kilns. 
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The  necessary  tools  for  factory  research  are  few  and 
simple.  A  dozen  jars,  a  pestle  and  mortar,  a  sheet  of  plate 
glass,  a  mailer,  a  palette  knife,  a  sponge  and  a  conple  of 
bowls  with  a  good  pair  of  scales  make  np  the  outfit.  It  is 
best  to  discard  at  once  the  nse  of  pounds  and  ounces.  A  set 
of  weighs  from  100  grams  to  .  1  gram  will  permit  trials  to  be 
made  in  percentage  proportions  and  the  transitions  to  larger 
weights  is  easy.  It  is  perhaps  hardly  necessary  to  point  out 
the  importance  of  system  in  trial  making,  yet  a  potter's 
table,  covered  with  trials  of  every  shape  and  size,  with  no 
distinguishing  mark  but  an  arbitrary  sign,  is  familiar. 

Clay  trials  should  be  made  in  a  uniform  mould  or  die, 
according  to  the  ceramic  field  explored ;  the  length  should 
be  upward  of  10  cm.  to  allow  that  measure  to  be  accurately 
marked  as  a  test  of  shrinkage.  The  heat  of  the  oven  should 
be  marked,  either  by  anticipation  in  the  clay  or  afterwards 
in  color.  A  series  number  and  a  specific  number  should 
be  giv^n,  and  accurate  notes  kept.  It  often  happens  that  a 
number  of  trials  are  thrown  away  after  a  few  months,  simply 
because  the  man  who  made  them  has  forgotten  what  they 
were. 

When  fired,  the  briquette  or  tile  can  be  glazed  or  enam- 
eled over  one-half  of  its  surface  to  allow  a  comparison 
between  glazed  and  unglazed  surfaces. 

A  comer  of  the  mixing  room  can  generally  be  set  apart 
for  this  experimental  work  and  to  this  spot,  as  to  a  haven  of 
refuge  after  a  stormy  sea,  the  harassed  superintendent  can 
retire  for  a  moment's  breathing  space. 

It  may  not  be  out  of  place  here  to  suggest  some  of  the 
problems  which  may  with  profit  be  investigated  by  the 
practical  potter.  In  the  white  ware  industry  the  employ- 
ment of  native  materials  is  an  important  question.  A  great 
deal  of  English  kaolin  is  being  used,  and  the  only  reason  is 
that  it  has  always  has  been  so — a  reason  that  might  perhaps 
satisfy  an  Englishman,  but  which  seems  to  be  out  of 
harmony  with  American  ideas.  The  rational  analysis  of  the 
respective  clays  can  always  be  obtained,  and  the  substitution 
becomes  a  matter  of  accurate  adjustment.  I  am  acquainted 
with  potters  who  pride  themselves  on  using  nothing  but 
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American  clays,  and  yet  there  are  others,  making  similar 
wares,  who  claim  that  these  clays  are  not  good  enough. 

Flint  is  a  material  about  which  little  is  known.  Mr. 
Burt's  paper  of  last  year  opened  up  the  subject,  and  there  is 
room  for  an  exhaustive  inquiry  as  to  size  of  grain,  shape  of 
grain,  dry  or  wet  grinding  and  color.  In  glazes  there  is 
scope  for  unlimited  research.  Theoretically,  many  are 
satisfied  as  to  the  cause  and  cure  of  crazing,  but  how  many 
have  conducted  a  systematic  series  of  experiments  to  sup- 
port or  disprove  the  theories?  The  best  glaze  for  under 
glaze  colors  is  a  subject  about  which  everybody  wants  infor- 
mation, and  the  best  way  to  get  it  is  to  dig  it  out  for  one's  self. 
Mr.  Mayer  gave  an  important  contribution  on  this  point  at 
our  first  meeting,  but  the  investigation  should  be  pursued  at 
other  temperatures  than  that  used  by  him. 

In  coarser  wares,  the  problems  are  at  least  as  numerous 
and  important.  Let  me  instance  a  few  of  them :  The  best 
structure  and  composition  of  a  fire-brick  to  withstand  fire 
and  weight ;  the  influence  of  grog,  its  proper  composition 
and  size  of  grain ;  the  profitable  production  of  enameled 
brick ;  the  manufacture  of  blue  paving  brick ;  the  successful 
manufacturer  of  electric  conduits;  the  resistance  of  clay 
ware  to  electric  pressure,  and  so  forth. 

No  man  can  afford  to  stand  still ;  others  will  not  wait  for 
him ;  but,  by  thoughtful  work,  it  is  possible  for  everyone  to 
help  towards  the  success  of  the  industry  which  is  his  life's 
vocation. 

The  facilities  of  the  factory  are  not  to  be  despised. 
Even  though  there  be  less  time  for  thought  and  research, 
less  time  is  necessary  for  the  worker  who  has  a  factory  at 
his  back  can  outpace  him  who  has  no  such  help. 

If  we  could  persuade  each  of  our  factory  superintendents 
to  be,  even  in  a  small  way,  an  experimenter,  and  to  tell  of 
his  work,  a  vast  amount  of  useful  ceramic  information 
would  soon  be  compiled  to  the  great  advantage  of  our 
industry  and  the  benefit  of  every  clay  worker  in  the  land. 
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THE  COMPOSITION  OF  PORCELAIN  FOR 
ELECTRICAL  PURPOSES. 

BY 

ARTHUR  8.  WATTS,  Findlay,  Ohio. 

Connection  with  and  interest  in  the  porcelain  insulator 
business  has  impressed  me  with  the  fact  that  while  the 
products  of  some  companies  stand  very  high  tests  and 
seem  in  every  way  ideal  insulators,  the  products  of  some 
other  companies  are  well  nigh  worthless. 

What  is  the  cause  ?  What  are  the  essential  constituents 
of  an  electrical  insulating^  porcelain? 

Those  who  know,  if  any  know,  do  not  seem  disposed  to 
distribute  the  information.  Hence,  I  have  decided  to  pursue 
such  a  line  of  investigation  as  will  determine,  if  possible, 
what  these  essentials  are. 

I  give  you  my  work  along  this  line.  The  results  as  I 
find  them  may  be  disproven  by  later  investigation,  but 
if  only  a  foundation  for  the  later  work  may  be  laid  at  this 
time,  I  will  consider  myself  well  repaid  for  the  time  invested. 

Oeneral  Considerations  on  Electrical  Porcelain  Bodies. 

I  quote  as  follows,  from  Herzog  and  Pel  dm  an  on  the 
subject  ol  electrical  porcelain:  '*A  porcelain  mass 
will  be  the  more  resistant,  the  higher  the  proportion  of 
kaolin  and  feldspar ;  also  the  finer  the  grain  of  the  kaolin 
used,  the  higher  will  be  the  maturing  point  of  the  porcelain 
produced. " 

The  leading  materials  used  in  porcelain  manufacture 
are  certain  kinds  of  kaolin,  which  are  very  slightly  plastic, 
quartz  and  feldspar.  Of  course  ordinary  feldspar  dis- 
plays basic  properties  in  the  fire,  uniting  with  silica  to 
form  silicates,  thus  producing  an  intimate  mixture  of  all 
silicates.  Therefore,  the  contents  of  kaolin  must  be  in  a 
definite  ratio  to  the  quArtz  and  feldspar  in  regard  to  the 
insulating  properties. 
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Too  mtich  quartz  makes  the  body  too  little  plastic,  thus 
making  it  difficult  to  work,  and  after  burning,  the  ware  shows 
impressions  and  some  warping  due  to  the  tendency  of  the 
clay  substance  to  the  contract. 

Too  high  a  content  of  feldspar  makes  the  body  soft  and 
liquid,  and  increases  the  tendency  to  crack. 

A  body  low  in  feldspar  does  not  produce  sufficient 
vitrification  and  hence  decreases  its  insulating  efficiency. 

A  porcelain  body  may  shrink  15  to  18  per  cent.,  and  it  is 
very  important  that  the  exact  degree  of  shrinkage  be  known. 
No  crazing  or  shivering  is  allowable  in  the  glaze  used  on 
ware  for  electrical  materials.  If  the  glaze  is  too  infusible 
the  ware  will  be  dull,  and  if  too  fusible  it  is  likely  to  be 
covered  with  blisters.  Investigation  has  proven  the  condem- 
nation of  glazes  containing  metallic  oxides  to  be  unfair. 
Metallic  oxides,  when  used  in  glazes  combine  with  the  silica, 
forming  silicates. 

Probably  in  no  line  of  electrical  investigation  have 
greater  progress  and  more  varied  experiments  been  made 
than  in  the  shape  and  size  of  electrical  insulators.  The 
plain  bell  which  is  used  for  low  potentials  and  which  is  also 
practical  and  satisfactory  for  alternating  currents  up  to  1000 
volts,  does  not  meet  the  requirements  of  modern  high  voltage 
transmissions. 

The  first  step  in  the  way  of  improvement  was  made 
in  1867  by  Borf^greve.  The  product  was  satisfactory  so  far 
as  electrical  and  mechanical  requirements  were  concerned, 
but  failed  owing  to  the  fact  that  the  interior  space  was 
square,  which  gave  rise  to  uneven  tensions  in  the  body  and 
frequent  fractures. 

The  second  step  in  the  way  of  improvement  was  the 
production  of  a  very  long  insulator  having  a  very  narrow 
cross-section.  It  was  the  idea  of  the  inventor  to  increase 
the  resistance  by  means  of  a  long  arcing  distance.  The 
insulator  produced  was  of  clear  glass  and  suffered  from  the 
contraction  and  expansion  of  the  iron  bolt  used  to  connect 
it  to  the  croM-arm  and  which  became  intensely  hot  from  the 
sun's  rays  on  the  insulator.  This  condition  caused  the 
introduction  in  1895  of  the  double  bell  insulator  of  porcelain. 
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In  this,  the  interior  cylindrical  part  of  the  insulator  is  cover- 
ed by  a  second  bell  which  prevents  the  radiation  of  heat  and 
also  the  formation  of  dew. 

Up  to  a  tension  of  3000  volts»  the  ordinary  double  bell 
75  mm.  wide  and  100  mm.  high  suffices,  but  above  this 
voltage  the  question  of  further  improvement  arises. 

In  1869  Lenoir  and  Prudhomme  obtained  a  patent  for 
the  use  of  oil  in  insulator  bells.  Insulators  of  this  type 
were  used  in  constructing  the  famous  line  between  Lauffen 
and  Frankfurt.  They  proved  impractical,  as  the  oil  must 
be  replaced  frequently  and  in  case  of  rain  it  was  often 
replaced  by  water. 

vin  constructing  the  Kaiser  Wilhelm  Canal  Line  a  triple 
bell  insulator  without  oil  was  used  and  proved  satisfactory 
even  when  exposed  to  salt  spray.  This  type  is  now  com- 
monly in  use  for  high  voltage  transmissions. 

At  first  the  insulators  were  glazed  and  burned  resting 
on  the  bottom  edge  of  the  bell,  but  the  roughness  of  this 
edge  seemed  to  cause  the  collection  of  drops  of  water  and  to 
prevent  this,  the  insulator  is  now  glazed  all  over,  the  glaze 
removed  from  the  head  and  the  insulator  burned  inverted. 
Very  recently  it  has  been  discovered  that  by  glazing  the 
inside  of  the  insulator  in  the  threaded  hole,  the  insulator  is 
made  much  more  resistant  and  need  not  be  so  thick. 

The  following  table  of  the  Delta  Bell  Insulator  I  take 
from  Herzog  and  Peldman  '^Electric  Lighting  Installation:" 


Potential 
Voltage 

to  be 
Gamed 

Height 
mm 

Diameter 
mm 

Bborteit  DlBtance  Allowable 

Weight 

of 
Inflolator 

grams 

From 
Insulator 

to 

Nearest 

Object 

mm 

Between 

two 

Parallel 

lilnes 

mm 

From 
Insulator 

to  the 
Ground 

mm 

1200 
2500 
4800 
7000 

6000 
12000 
2&000 
50000 

115 
150 
170 
225 

145 
190 
250 
260 

200 
260 
860 
460 

400 
520 
720 
920 

190 
220 
280 
870 
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The  weight  of  the  porcelain  used  in  the  insulator  is  not 
ot  the  greatest  importance,  but  rather,  the  quality  of  the 
porcelain  and  the  kind  of  glaze. 

Mamtfcteturmg  lYaoesses. 

Just  here  a  word  regarding  the  working  of  porcelain 
bodies  may  not  be  out  of  place.  In  Europe,  insulators  are 
made  by  all  five  of  the  clay  working  processes,  viz:  turning, 
jollying,  pressing,  casting  and  dry  pressing.  I  am  familiar 
with  all  of  these  processes  except  casting,  but  am  not  pre- 
pared to  pass  judgment  on  the  superiority  of  any  given 
process  of  working,  as  of  course  the  product  and  its  shape 
and  size  would  greatly  influence  the  method  chosen.  Dr. 
Seger,  in  his  work,  shows  very  conclusively  that  a  semi-dry 
process,  in  which  the  material  to  be  pressed  contains  the 
highest  per  cent,  of  water  allowing  of  good  pressing,  gives 
the  densest  and  strongest  body. 

Turning  of  large  insulators  in  done  similarly  to  all  clay 
turning,  the  product  being  made  mouth  up  and  the  top 
finished  when  the  ware  is  sufficiently  dry  to  permit  of  its 
being  inverted.  In  this  class  of  ware,  much  trouble  is 
experienced  in  making  the  screw-thread  for  the  pin  which 
is  to  support  the  insulator.  This  thread  is  made  by  means 
of  a  threaded  steel  tube  which  is  provided  with  a  handle  on 
one  end  and  which  is  slowly  turned  in  and  out.  In  place  of 
a  full  steel  tube  a  segment  may  be  used.  Automatic  boring 
apparatus  is  now  being  applied  for  this  work. 

Jollying  is  now  largely  replacing  turning  although  it 
does  not  insure  as  dense  and  uniform  a  body  as  the  former 
process. 

Pressing  is  done  in  molds.  The  clay  is  placed  in  the 
mold  in  a  lump  and  by  means  of  a  plunger  is  forced  to 
assume  the  shape  of  the  inside  of  the  mold  lor  its  exterior 
while  the  plunger  shapes  its  interior. 

Dry  pressing  produces  more  exact  shapes  than  any  other 
method.  The  molds  used  are  of  steel  and  are  very  expen- 
sive. The  body  must  be  in  such  shape  that  it  will  not  stick 
to  the  mold.    To  obtain  it  in  this  condition  some  factories 
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ase  the  following  process:  The  clay  after  drying  and  being 
thoroughly  pulverized,  is  placed  in  wet  cement  or  plaster 
boxes  and  allowed  to  absorb  10  to  20  per  cent  of  moisture. 
The  mass  is  then  sieved  thoroughly.  Ten  kilograms  of  the 
body  will  contain  about  1  to  2  litres  of  water.  Of  course 
this  proportion  must  be  maintained  exactly  in  order  to  insure 
a  uniform  shrinkage.  The  molds  are  sometimes  compli- 
cated and  are  often  composed  of  insertions.  The  piece  of 
ware  produced  is  threaded  by  means  of  a  screw  inserted  in 
the  bottom  before  the  clay  is  introduced  and  which  is 
screwed  out  rapidly  by  means  of  a  crank.  The  tendency  is 
to  make  insulators  without  threads,  as  this  has  always  been 
a  great  source  of  trouble  and  loss  in  manufacture. 

SetectUmof  a  SUmdard  I\}rcelam  OB  a  Bc^  VforA;. 

In  outlining  the  work  that  follows,  it  seemed  necessary  to 
choose  some  type  or  standard  of  porcelain  which  I  could  use 
as  a  basis  from  which  to  map  out  varying  series.  The  wisest 
course  here  seemed  to  be  to  procure  a  large  number  of 
standard  porcelains,  and  to  obtain  from  these  by  comparison 
the  most  characteristic  type  of  porcelain  now  in  use. 

In  compiling  the  following  list  of  porcelains,  I  have  not 
stated  the  present  use  of  the  body,  but  will  state  that  the 
list  includes  only  practical  workable  porcelains  that  have 
been,  or  are  now,  in  actual  use. 

I  wish  to  further  state,  that  in  my  opinion  such  a  list  is 
valuable  as  a  comparison  and  not  as  a  basis  from  which  to 
compound  practical  porcelains.  Acting  on  Professor  Binn's 
suggestion,*  I  shall  take  AljOg  as  unity  in  these  formulae. 


*  The  Birth  of  English  Porcelain,  Trani.  A.  0.  B.,  Vol.  Ill,  iiage  144. 
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TABLE  I. 

Ko. 

Ohemloal  Formale 

liOcaUty 

1 

.0167 

K,0 

1.  AlaO, 

6.976  SiO, 

Japanese  Body 

a 

.1140 

KaO 

1.  Al.Oa 

4.168  BiOa 

Society  of  Hal.  Belgium 

8 

.1160 

K.O 

1.  A1,0, 

8.75 

SiOa 

Plymouth  Body 

4 
6 

.1218 

.0707 
.0860 

.1667 

KaO 

K.O 
CaO 

BO 

1.  AlaO, 
1.  AlaO, 

4.82 
8.22 

SiO, 
SiO, 

Lahalleur  Vierzon 
(Heavy) 

Bristol  Body 

6 

.1622 

KaO 

1.  A1,0, 

8.96 

SiO, 

Limoges  (Fine) 

7 

.1886 

KaO 

1.  AlaO, 

3.98 

SiOa 

Limoges  (Common) 

8 

.2020 

KaO 

1.  Al.O, 

4.74 

SiOa 

Limoges  (Figures) 

9 

.1386 
.0961 

.2297 

K.O 
CaO 

RO 

1.  AlaO, 

4.66 

SiOa 

Karlsbad  Body 

10 

.2400 

KaO 

1.  AlaO, 

6.2 

SlOa 

1 

American  Body 

11 

.2460 

K,0 

1.  Al.O, 

6.027  SiOa 

Limoges  Body 

12 

.2640 

KaO 

1.  AlaO, 

4.61 

SiOa 

Limoges  (Fine) 

18 

.2684 

KaO 

1.  A1,0, 

6.44 

SlOa 

American  Body 

14 

.2770 

KaO 

1.  Al,Oa 

7.06 

SiOa 

Japanese  Body 

16 

.2700 
.0100 

.2800 

KaO 
CaO 

RO 

1.  A1,0, 

8.96 

SiOa 

Limoges  Body 

(Common) 

16 

.1686 
.1186 

.2821 

KaO 
CaO 

RO 

1.  AlaO, 

4.86 

SiO, 

Karlsbad  Body 

17 

.2860 

K.O 

1.  Al.O, 

6.06 

SiOa 

Berlin  Body 

18 

.8312 

KaO 

1.  AlaO, 

4.74 

SiO, 

Limoges  Body 

19 

.8880 
.0200 

.3680 

K,0 
CaO 

RO 

1.  AlaO, 

4.72 

SiO, 

Chinese  Body 

20 

.1290 
.2070 

.3360 

K,0 
CaO 

RO 

1.  AlaO, 

4.89 

SiO, 

Sevres  Body 
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TABLE  I  — Continued. 


No. 


21 


22 


88 


24 


26 


26 

27 

28 

29 


Ohemloal  FormulsB 


.1467  K.O 

.2017  CaO 

.3484  BO 

.3683  K,0 

.0014  CaO 

.0030  PbO 


.3627 

BO 

.1680 
.2160 

K,0 
CaO 

.3760 

BO 

.2880 
.1266 

K,0 
CaO 

.4136 

BO 

.1776 
.2442 

K.O 
CaO 

.4218 

BO 

.1910 
.2646 

K,0 
CaO 

.4666  BO 

.4360  K,0 

.4900  K,0 

.0960  K,0 

.4040  CaO 


1.  A1,0, 


1.  A1,0, 


1.  A1,0, 


I.  A1,0, 


1.  A1,0, 


.6000 

BO 

30 

.2240 
.3010 

K,0 
ChO 

.6260 

BO 

31 

.0800 
1.7660 

K,0 
CaO 

18860 

BO 

82 

.2680 
2.0780 

K,0 
CaO 

2.3860 

BO 

88 

.2690 
2.6400 

K.O 
CaO 

2.8090 

BO 

1.  A1,0, 

1.  A1,0, 
1.  A1,0, 

1.  Al.O, 
1.  A1,0, 
1.  Al.O, 
1.  Al.O, 
1.  Al.O, 


4.07  8iO, 


3.96  SiO, 


4.83  SiO, 


3.7    8iO, 


4.16  SiO, 


3,74  8iO, 

4.81  SiO, 
4.0    8iO, 

3.08  8iO, 

6.34  8iO, 

8.2    8iO, 

16.2    8iO, 


3.39  8iO, 
1.67  P.O. 


Locality 


American  Porcelain 

(Heavy) 


English  Porcelain 


American  Porcelain 
(Fine) 


Limoges  Body  (Fine) 


American  Body 

(Medium) 


American  Body 

(Medium) 

American  Body 

(Fine) 

American  Body 

(Medium) 

Sevres  Body  (Heavy) 


Haciie  and  Pepin 

(Fine) 


English  Bone  China 


Dr.  Wall's  Body* 


Modern  English  Body* 
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TABLE  I— Continued. 


No. 

Ohemloal  Formule 

LooaUty 

84 
35 

36 

.1870    K,0 
2.7870    CaO 

2.8740    BO 

.2300    K,0 
6.2000    CaO 

5.4300    BO 

2.9360    K,0 
8.9040    Na.O 
6.2770    CaO 

12.1160    BO 

1.  Al.O, 
1.  A1,0, 

1.  A1,0, 

4.26  SIO, 
1.09  P,0» 

7.12  8i0, 
1.6    P,0» 

81.48  SiO, 

Bow  Body* 
Chelsea  Body* 

Dr.  Wall's  Body* 

At  first  sight  this  list  seems  a  hopeless  conglomeration, 
ranging  to  all  extremes,  but  closer  study  discloses  the  fact 
that,  while  the  RO  varies  from  .0467  in  the  Japanese  to  5.43 
in  the  old  English,  and  from  .114  in  modem  Belgium  to 
1.84  in  modem  English  ware,  the  proportion  of  SiOs  is 
comparatively  constant.  Only  in  two  out  of  thirty-six  cases 
does  the  Si02  tun  below  3.7,  and  in  only  two  cases  of  modem 
porcelain  does  it  run  over  6.0  Si02'  The  average  of  the  list 
I  find  to  be  between  4.  Si02  and  4  4  Si02»  hence  I  took 
4.2  Si02  as  the  standard. 

I  next  chose  a  standard  from  the  RO.  To  obtain  this 
by  the  same  method  as  pursued  with  the  SiOj  wonld  prove 
unsatisfactory,  since  to  take  an  average  of  the  entire  list 
wonld  result  in  a  ROof  1.00,  while  to  take  an  average  of  the 
thirty  modem  porcelains  would  give  us  about  0.3  RO.  The 
first  case  would  give  us  about  a  cone  6  product  while  the 
second*case  gives  ns  very  nearly  the  type  of  an  American 
porcelain  maturing  at  cone  12. 

I  did  not  think  a  choice  between  such  extremes  could 
be  satisfactory,  so  I  concluded  to  make  a  series  covering  each 
extreme  and  a  third  about  half  way  between.  To  this  end  I 
started  with  the  three  following  types : 


Series  A. 
Series  B. 
Series  C. 


1.  BO,  1.  A1,0„  4.2  SiO. 
.5  BO,  1.  Al.O,,  4.2  SiO. 
.8  BO,      1.  Al.O,,       4.2  SiO. 


Cone  6  type 
Cone  9  type 
Cone  12  type 
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Metlhod  of  Production  of  the  Trial  Bodie9. 

The  various  porcelains  I  produced  in  the  following 
manner : 

The  two  extremes  of  each  set,  I  weighed  out  and  ground 
wet  in  a  ball  mill.  The  intermediate  numbers  I  obtained  by 
liquid  blending  of  the  extremes.  After  the  blends  were 
thoroughly  mixed,  I  poured  them  into  plaster  molds  to 
harden  by  loss  of  their  water.  Of  each  porcelain  body  I 
made  the  following  ware: 

2  brickettes  made  in  standard  cement, — brickette  molds, 
and  having  a  central  cross  section  of  1  inch  in  the  green 
state.     These  were  made  by  the  plastic  process. 

2  cubes  of  50  grams  weight  made  also  by  the  plastic 
process. 

2  tiles,  4^  inches  x  4  ^  inches,  in  green  state.  These 
were  made  by  the  dry-press  process. 

The  material  for  the  dry  pressed  tile  was  prepared  as 
follows :  The  dry  body  was  thoroughly  pulverized  and  was 
then  dampened  with  water  by  means  of  a  brush  and  the 
hand,  thus  obtaining  a  fairly  uniform  dampness.  The  damp 
clay  was  allowed  to  stand  about  two  hours  and  was  then  put 
through  a  twenty-mesh  screen  and  promptly  pressed  into 
the  desired  shape  by  means  of  a  hand  tile  press.  About  12 
to  14  per  cent,  of  water  was  in  the  clay  when  it  was  pressed. 

Upon  the  various  forms  made  up,  I  made  the  following 
tests: 

Electrical  resistance  test,  tensile  test,  abrasion  test, 
absorption  test  and  shrinkage  test. 

Preliminary  Studies  on  the  JSlectriocU  Test. 

While  no  great  obstacle  lay  in  the  way  of  the  tensile, 
abrasion,  absorption  or  shrinkage  tests,  I  found  a  very  great 
one  confronting  me,  when  I  considered  testing  the  electrical 
resisting  properties  of  the  porcelains.  In  the  first  place,  I 
had  no  idea  how  much  electrical  resistance  a  given  thick- 
ness of  porcelain  might  display.  In  the  second  place,  I 
could  only  press  a  tile  of  one  size,  viz:  4^  inches 
X  4}i  inches.  I  saw  that  I  must  obtain,  if  possible,  some 
insulating  material  in  which   to  imbed  the  tile  and  thus 
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increase  the  arcing  distance  of  the  current,  since  with  4^ 
L  inches  arcing  distance,  I  could  not  use  quite  56000  volts 

without  the  current  arcing  around  the  tile. 

In  searching  for  a  material  to  use  for  the  insulating 
apron  referred  to,  I  found  that  S.  P.  Thompson,  in  his 
treatise.  ^^  Electricity  and  Magnetism,"  page  310,  gives  the 
following  table  of  specific  resistances : 

TABLE  n. 

Silver 100. 

Copper 96. 

Gold 74. 

Iron  Soft 16. 

Dead 8. 

German  Silver 7.6 

Mercury  (liqaid) 1.6 

Glass  at  200''  C  less  than 000,000,001 

Gattapercha less  than..  .000,000,001 

Selenium  Annealed  less  than. .  .000,000,0026 

Pure  Water  at  22^  C  less  than  .  .000,001 

The  preceding  table  of  conductivity  or  resistance,  as 
yon  may  please  to  call  it,  indicates  that  the  last  four  sub- 
stances: Glass,  gutta  percha,  selenium  and  pure  water  are 
far  better  insulators  than  any  other  substances  ready  at 
hand.  The  idea  of  using  Portland  cement,  however,  sug- 
gested itself,  and  as  it  seemed  plausable  that  this  might  be  a 
good  insulating  material,  I  proceeded  to  try  it. 

To  do  this,  I  took  a  semi-vitrified  tile,  4  x  4  x  f^  inches, 
and  incased  it  in  a  slab  of  Portland  cement  (Dyckerhoff). 
The  cement  was  carefully  tamped  around  the  tile  so  that  a 
good  attachment  might  result.  I  also  made  several  other 
slabs  of  cement,  both  German  and  American.  In  these  I 
encased  no  tiles.  All  the  cement  slabs  stood  six  days  in  water, 
and  were  then  taken  out  and  carefully  dried.  I  then  pro- 
ceeded to  test  their  resisting  properties  with  poor  results. 
Each  and  every  slab  showed  only  so  much  electrical 
resistance  as  a  like  thickness  of  pure  air  would  show,  thus 
proving  that  the  small  insulating  power  displayed  by  the 
cement  was  due  to  the  fact  that  its  thickness  held  the  elec- 
trodes apart  and  made  an  arc  necessary. 
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I  next  tested  the  tile  encased  in  cement.  I  had  also 
provided  myself  with  the  following  insulating  materials : 
One  sheet  window  glass ;  one  sheet  plate  glass ;  one  sheet 
plate  glass ;  one  porcelain  tea  plate ;  one  tile  4x4x^  inches 
unincased.  The  results  of  the  test  of  the  above  was  as 
follows : 

Tile  4x4x>i  inohes,  incased  in  slab  of  Portland  cement,  punc- 
tured at 17,000  volts. 

Tile  4z4x^  inches,  unincased,  punctured 20,260    ** 

Sheet  window  glass  6x6x^  punctured  at '.  40,000    *' 

Porcelain  Tea  Plate  6  inches  in  diameter  x  ^, 

punctured  at 49,600    *^ 

Sheet  Plate  Glass  6x6x>^  stood  60,000  volts  and  then  the  cur- 
rent arced  around  sheet  and  could  not  puncture  it. 

I  would  state  here  that  the  tile  incased  in  cement  and 
the  unincased  tile  were  both  of  the  same  composition,  and  as 
both  were  porous  to  a  degree,  it  is  to  be  presumed  that  the 
incased  tile  which  had  been  soaked  for  six  days  still  retained 
some  moisture  when  tested,  which  accounts  for  its  lower 
puncturing  point  than  was  displayed  by  the  unincased  tile. 
The  facts  brought  out  by  this  preliminary  test  seem  about 
as  follows : 

First,  That  Portland  cement  does  not  possess  any  more 
insulating  power  than  would  be  displayed  by  a  like  thick- 
ness of  dry  air. 

Second.  That  porcelain,  if  not  perfectly  vitrified,  does 
not  possess  any  great  insulating  efficiency,  even  when  per- 
fectly dry. 

TAird.  That  glass  ranks  next  and  lies  between  semi- 
vitrified  and  vitrified  porcelain. 

Fourth.  That  thoroughly  vitrified  porcelain,  even 
though  only  %  inch  thick,  possesses  as  much  insulating 
strength  as  is  necessary,  since  40,000  volts  is  the  highest 
voltage  that  can  be  transmitted  without  arcing  around  a 
41^  X  4}  inch  tile. 

Fifth.  That  plate  glass  possesses  an  especially  high 
electrical  resisting  property. 

We  know  that  the  composition  of  glasses  has  a  great 
influence  on  their  ability  to  resist  electric  currents.  Also, 
that  the  temperature  at  which  they  are  used  is  a  factor. 
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The  following  data  were  obtained  from  Widemann  on 
"Electricity,"  Vol.  1,  page  660: 


TABLE  in. 


HSATT  LEAD  «LAS8 

WHITE 

MIBBOB  GLASS 

QBBEN  BOTTTiE  GLASS 

AnalysU 

Analysis 

Analysis 

KjO 4.0 

K^O 8.67 

EljO   .  •  >     6.58 

Na,0...   — 
PbO....  67.0 

Na,0        .    9.48 
CaO 16.00 

Na.O...     8.68 
CaO....  12.55 

Sl( 

3a...     20.0 

SiO 

a • . .    . •   ui.oU 

SiO 

.....   68.02 

100 

96.88 

Melfcing  point.  700''C. 

Melting  point,  1080°C. 

Temp.*>0 

BeslBtance. 

Temp.*0 

Resistance. 

Temp.oO 

Resistance. 

216. 

188600. 

189. 

182200. 

170.5 

173200, 

226. 

113160. 

200. 

109820. 

180.4 

86600. 

234. 

75440. 

214. 

54660. 

198.8 

84640. 

249. 

37720. 

288.5 

27380. 

211.0 

17320. 

269. 

18860. 

247. 

12754. 

222.5 

10392. 

286. 

11316. 

269. 

5466. 

250.5 

8464. 

297. 

7544. 

299. 

1822. 

266.5 

1732. 

312. 

3772. 

316.5 

1098.2 

305.5 

519.6 

326. 

1886. 

329. 

728.8 

327.5 

259.8 

341. 

948. 

349. 

864.4 

848.0 

173.2 

The  foregoing  tables  take  mercury  as  the  unit  of  conductivity, 
or  as  having  a  resistance  of  1. 

To  retnm  to  my  search  for  an  aproning  material  to  use 
with  my  tiles,  I  found  that  a  gutta-percha  plate  could  not 
be  cemented  to  the  tile  for  each  test  and  then  removed,  and 
to  furnish  a  separate  sheet  of  gutta-percha  for  each  tile 
would  mean  entirely  too  great  an  expense.  Selenium  also 
was  out  of  the  question  owing  to  its  cost  I  concluded,  how- 
ever, to  try  sulphur,  which  is  a  very  similar  material  to 
selenium,  and  to  do  this  I  took  two  bottomless  flasks  and  by 
means  of  sulphur  in  the  melted  state  I  cemented  these  two 
flasks  to  two  tiles.  I  also  cast  two  large  -plates  of  sulphur 
with  tiles  imbedded  in  their  centers.  One  tile  was  complete- 
ly imbedded  leaving  only  a  hole  }i  inch  in  diameter  on  each 
side  to  admit  the  electrode.  The  second  tile  was  only 
imbedded  on  one  side  in  the  sulphur,  the  other  side  was  left 
exposed.    There  was  a  one  half  inch  hole  on  the  imbedded 
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side  of  the  tile  to  admit  the  eloctrode.  The  tiles  were  vitri- 
fied. I  also  cast  a  plate  of  sulphur  6x6x^  inches.  The 
results  of  the  electrical  test  on  sulphur  was  as  follows: 

The  plate  containing  the  half  imbedded  slab  stood  about 
68.000  volts  and  then  the  current  arced  through  the  sulphur. 
The  plate  containing  the  completely  imbedded  tile  stood 
about  the  same,  the  current  going  around  the  tile  through 
the  sulphur.  The  tiles  cemented  to  the  flasks  were  not 
satisfactory  since  the  current  found  its  way  between  the  glass 
and  the  sulphur.  The  slab  of  pure  sulphur  ^  inch  thick 
stood  about  13.500  volts  and  then  punctured.  On  its  being 
punctured  the  slab  caught  fire  from  the  spark. 

I  felt  satisfied  that  at  least  none  of  the  materials  avail- 
able could  be  successfully  used  as  an  aproning  material  so  I 
discarded  the  idea  of  aproning  my  tiles,  and  reduced  the 
thickness  of  the  pieces  to  be  tested  electrically  to  an  amount 
which  would  puncture  before  the  current  would  arc  around 
the  tile . 

FormulcB  of  the  BoreeUxin  Bodies  Made, 

I  have  already  given  the  formulae  of  the  three  porcelains 
which  I  selected  as  fairly  illustrating  the  types  now  in  actual 
use.  Taking  each  type  as  a  basis,  I  made  three  separate 
sub-series  of  bodies  as  follows : 

I.  Maintaining  RO  and  Si02  constant  and  varying  the 
proportion  of  AlaOg- 

II.  Maintaining  the  AI2O3  to  SiOa  constant  and 
varying  the  RO  in  kind  but  not  in  quantity. 

III.  Maintaining  the  RO  and  Al^Og  constant  and  vary- 
ing the  proportion  of  SiOa- 

Bach  sub-series  consisted  of  a  set  of  five  porcelains.  In 
this  way,  I  expected  to  cover  the  ground  most  completely. 

Following  I  give  the  detailed  chemical  formulae  of  the 
various  porcelains  included  in  this  investigation : 

SBBIES  A  — CONE  6  TYPE. 

3  K  O ) 
In  Series  A  I  use  Dr.  Seger's  RO,  viz. :  " «  p  *q  > 
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Sub-Series  A-L 
A-l-l         -j  l^^g  }   .7  Al.O,    4.2  SiO, 

A-I-2         ;^  ^^2  }  -S  ^^^3    ^-2  SiO, 
A-I-S         "^  ^^^  }   .9  Al.O,    4.2  SiO, 

A-I-4        ;?  CaO  }^-^  ^•^«    4.2  810, 
A-I-6        ;^  ^^^  }  1.1  A1,0,    4.2  SiO, 

Series  A-II* 
A-n-1         ;^  ^^«^  }  1.  A1,0,    4.2   SiO, 

A-n-2  -^  ^^^  |l.  A1,0,  4.35  SiO, 

A-II-S  ;|  ^^^  1 1.  A1,0,  4.6   SiO, 

A  n-4  -J  ^^^  }l.  Al,08  4.66  SiO, 

A-n-6  -g  ^^  1 1.  A1,0,  4.8    SIO, 

Series  A-IIL 
A-in-l        -j  ^^^  }l.  A1,0,    8.2  810, 

A-in-2         ;^  ^^^  }l.  A1,0,    4.2  810, 

A-ni-8        ;^  ^^^  }  1.  A1,0,    6.2  SiO, 

A.in-4       ;^  ^•^  \^'  ^i»o«    ^-2  SIO, 
A-m-S        j  ^^'^  1 1.  A1,0,    7.2  SiO, 

8BBIE8  B-^OONB  9  TYPE. 

Series  B-I. 

^^-^      i  CiJo  j  -^  ^'^^  *-2  sio« 

B.I.2         I  ^^^  I  .8  A1,0,    4:2  810, 


•  In  Sarlei  A-II  It  wai  neoesMury  to  vaiy  the  BIOs  content  slightly  In  order 
to  Inlrodnee  the  edditlonal  KaO  as  feidsiwir. 
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B-I-8 
B-I-4 
B-I-6 


B-n-1 
B-II-2 
B-II-3 
B-n-4 
B-II-5 


B-ni-l 
B.in-2 

B-in-8 
B.in-4 
B-ni-6 


C-I-1 
C-I-2 

C-I-4 
C-I-6 
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i  CaO  }  -^  ^»^*  ^-2  SIO, 
;!  CaO  }  ^'^  ^^^^  ^-2  SiO, 
:2Cao}l-^^«^«    *2  8iO, 

Series  B-II. 
.5  CaO  }l.  Al.O,    4.2  SiO, 

:i25  K*0  }l- ^•<^'  *-2«0. 
its  K.O  }  1-  -^^'O.  4.2  810. 
:875K.o}l-  Al'O.  4.2  SiO. 
.6  K.O  |l.  Al.O,    4.2  810, 

Series  B-JII. 
iciol^-^'O.    8.2  810. 

;|  gjg  j  1.  A1.0,    6.2  810. 

•J  g^g  1 1.  A1.0,    7.2  810. 

BEBIBS  0  —  OONB  12  TTPB. 

Series  O-I. 

A  CaO  !   ■''  ^»^»  *-2  SiO, 

:!  &0  !   •*  ^•<>»  *-2  SIO, 

:?  clo  \    *  ^*^'  *-2  SIO. 

*.l  So  !  1®  ^«0,  4Ji  SIO. 

:!  CaO  !  ^-^  ^l'<>»  *•*  SiO. 


^ 
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Series  C-II, 
C-n-1        .3  CaO   |l.  Al.O,    4.2  810, 

C-n-S         Jl    ^*^  1 1.  Al.O,    4.2  8iO, 

^^•^       :2^K.o}l-^«^«    ^-^SiO. 

C-n-6       .3  K,0  }l.  Al.O,    4.2  SIO, 

NOTE —Owing  to  a  lack  of  time,  no  attempt  was  made  to  mn  a  O-III 
Series,  but  an  approximate  idea  on  the  variation  of  slUoa  at  this  temperatare 
will  be  obtained  by  a  stndy  of  Series  O-I. 

PRELIMINARY  TEST. 

I  was  unwilling  to  spend  the  great  amount  of  time  and 

labor  on  this  investigation,  without  some  assurance  that  the 

mixtures  I  proposed  to  make,  as  shown  by  the  preceding 

formulae,  would  give  me  the  range  of  workable  porcelains 

which  I  expected.     I  therefore  made  cones  of  all  the  various 

porcelain  bodies  to  be  tested  and  each  series  was  tested 

against  a  standard  Seger  cone  of  the  temperature  to  which 

that  series  was  to  be  fired.    The  results  of  this  test  were  as 

follows : 

Series  A— tested  against  Cane  6. 

Specimen  A-I-1  shows  about  the  same  fusing  point  as  cone  6, 

hence  is  useless  at  this  temperature. 
Specimen  A-I-2  developed  into  a  splendid  porcelain  of  high 

grade.    Translucency  is  at  its  maximum,  but  indications 

of  fusion  are  apparent. 
Specimen  A-I-3  is  a  splendid  porcelain  with  a  slight  trace  of 

stoniness  and  good  translucency* 
Specimen  A-I-4  gives    a    perfectly    stony    porcelain,    but 

perfectly  vitrified  and  with  slight  translucency. 
Specimen    A-I-5    evidently    too    high    in    AljOg   for  this 

temperature.     Has  a  dead  white  surface  with  no  trans- 
lucency and  evidence  of  porosity. 
Specimen  A-II-1  is  the  same  as  A-I-3  and  shows  a  very 

similar  development. 

8Cer 
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Specimen  A-II-2  is  somewhat  further  developed  than  A-II-1, 

but  only  shows  translucency  on  the  edges. 
Specimen  A-II-3  begins  to  take  on  a  characteristic  porcelain 

appearance,  quite  translucent  with  slight  stoniness. 
Specimen  A-II-4  has  about  the  same  degree  of  development 

as  displayed  in  A-I-3,   good  translucency  with    only 

slight  stoniness. 
Specimen  A-II-5.    We  here  reach  again  the  high  grade 

porcelain  type,  all  traces  of  stoniness  having  disappeared 

and  the  surface  being  self-glazed,  as  in  A-I-2. 
Specimen  A-III-1  shoWs  a  hard  dead  white  surface  with  no 

signs  of  translucency  and  with  indications  of  porosity. 
Specimen  A-III-2  same  as  A-I-4  and  A-II-1. 
Specimen    AIII-3.    Slightly    improved    over    A-III-2    in 

translucency  but  otherwise  unchanged. 
Specimen  A-III-4  shows  fair  translucency  but  is  too  high 

grade  a  porcelain  for  much  strength. 
Specimen  A-III-6.     Good  translucency  but  is  semi-glazed, 

indicating  over  maturity. 

Oondusiona  on  Appearance  of  Series  A. 

Series  A-I  seems  to  indicate  that  at  this  temperature  we 
may  expect  good  porcelains  with  from  .8  to  1.0  AlaOg 
Below  .8  AljOg,  we  find  the  body  melts  out  of  shape  and 
above  1.  AljOa  it  does  not  mature.  .8  or  .9  AlgOg  gives  a 
fine  translucent  porcelain  at  cone  6. 

Series  A-I  I  shows  that  CaO  alone  does  not  produce  a 
porcelain  and  apparently  does  not  flux  materially  at  this 
temperature.  Evidently,  CaO  does  not  produce  any  trans- 
lucency, but  changes  suddenly  from  the  dry  to  the  glassy 
state.  K2O  seems  to  have  done  its  maximum  amount  of 
fluxing,  since  A-II-5  shows  a  splendid  degree  of  vitrifica- 
tion and  translucency. 

Series  A-III  seems  to  indicate  that  an  increase  of  SiO^ 
does  not  affect  the  appearance  of  the  porcelain  to  the  samne 
degree  as  do  the  other  two  constituents.  However,  it  shows 
that  to  obtain  a  good  porcelain,  the  Si02  should  be  between 
4.2  and  6.2  SiO^,  as  below  4.2  SiO^  we  get  itamatnrity  and 
above  6. 2  Si02  we  get  a  weak  glassy  product. 


XI^BOTBIOAX.  POBGBLAIN.  108 

Series  B,    Tested  Against  Gone  9. 

K  Specimen  B-I-1  shows  about  the  same  degree  of  develop- 

ment as  cone  9,  so  that  its  absolute  fusing  point  is  too 

nearly  reached  to  make  it  a  practical  porcelain  at  this 

temperature. 
Specimen  B-I-2  is   a    brilliant,  self-glazed  porcelain,  and 

has  a  fine  translucence. 
Specimen  B-I-3  shows  a  fair  degree  of  translucency  and 

a  tendency  to  stoniness. 
Specimen  B-I-4  is  a  stony  appearing  porcelain  with  only 

traces  of  translucency  on  edges. 
Specimen  B-I-5  is  a  very  stony  body  with  a  little  or  no 

trace  of  translucency. 
Specimen  B-II-1  could  not  properly  be  called  a  porcelain. 

It  is  a  porous,  cream-white  biscuit, 
Specimen  B-II-2  displays  a  marked  improvement  over  B-II-1 

in  that  it  is  a  closer,  stonier  body,  but  signs  of  porosity 

are  still  noted. 
Specimen  B-II-3  seems  to  be  a  good  stony  porcelain,  and 

from  all  appearances  is  perfectly  vitrified.    It  displays 

traces  of  translucency  on  all  exposed  points  and  has  a 

smooth  satiny  surface. 
Specimen  B-II-4  is  a  fine  porcelain,  with  good  translucency 

and  a  smooth  surface.     It  still  retains  some  signs  of 

stoniness. 
Specimen  B-II-5  gives  the  finest  porcelain  so  far  obtained. 

Perfect  translucency  without  a  trace  of  stoniness  and 

brilliantly  self-glazed  on  all  exposed  points. 
Specimen  B-III-1  shows  a  slightly  undermatured  porcelain 

but  does  not  appear  porous. 
Specimen  B-III-2.    Same  as  B-I-4,    and  shows  a  similar 

development. 
Specisien  B-III-3  displays  a  fair  translucency  with  traces 

of  stoniness. 
Specimen  B-III-4  is  a  high  grade  porcelain  with  maximum 

translucency  and  a  self-glazed  surface. 
S|>rrimen  B-III-5  shows  signs  of  overmaturity.    It  has  an 

opaqne  glassy  appearance  on  the  surface  which  destroys 

translucency. 
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Ccnchuions  on  Appearance  of  Series  B. 

Series  B-I  seems  to  indicate  that  we  may  expect  good 
porcelain  with  .8  to  1.0  AlaOg,  the  RO  and  SiOj  being  as 
shown  in  this  series. 

Series  B-II  appears  to  show  that  we  may  not  expect  to 
obtain  porcelain  at  this  temperature  unless  we  use  at  least 
one-half  the  RO  as  alkali.  Above  this  amount  we  get  good 
porcelains  in  every  case,  even  where  we  use  KgO  alone. 

Series  B-III  confirms  the  conclusion  in  A-III  that  the 
variation  of  SiOj  does  not  vary  the  appearance  of  the 
product  so  much  as  a  variation  of  either  of  the  other  con- 
stituents. However,  3.2  SiOa  seems  insufficient,  while  7.2 
SiOa  in  undoubtedly  an  excess. 

Series  C.    Tested  Against  Gone  12. 

Specimen  C-I-1  shows  a  maximum  maturity.    Very  trans- 
lucent and  brilliantly  self-glazed. 
Specimen  C-I-2  is  a  splendid  porcelain,  fine  translucency 

and  a  good  smooth  surface. 
Specimen  C-I-3  shows  a  fair  degree  of  translucency,  with 

traces  of  stoniness. 
Specimen  C-I-4.   Slightly  translucent,  marked  stoniness. 
Specimen  C-I-5.    Somewhat  undermatured    and    little,  if 

any,  translucency. 
Specimen  C-II-1  is  a  good  hard  biscuit,  but  without  any 

signs  of  translucency. 
Specimen  C-II-2  is  a  hard  body,  but  still  lacks  any  traces 

of  translucency. 
Specimen  C-II-3  gives  a  good  stony  porcelain,  with  traces 

of  translucency  on  exposed  points. 
Specimen  C-II'-4  is  a  fine  translucent  porcelain. 
Specimen  C-II-5  shows  a  very  strongly  translucent  porcelain 

with  an  extremely  glassy  surface. 

Ocmdusions  on  Appearance  of  Series  C. 

Series  C-I  shows  us  that  undoubtedly  a  good  porcelain 
at  this  temperature  must  contain,  at  least  0.8  AlsOg  and  not 
over  1.0  AljOs. 
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Series  C-II  indicates  that  even  at  tbis   temperature  we 

fj  get  no  translucency  from  CaO.    With  all   the   RO  as  KjO, 

we  get  a  fine  appearing  body  with  maximum  translucency. 

We  conclude  from  the  previous  tests  and  from  Series  C-I 
that  Series  C-III  would  give  us  a  graded  increase  from  stoni- 
ness  to  glassiness. 

PREPAKATION  OF  THE  REGULAR  TRIAL  PIECES. 

The  preliminary  testing  having  been  completed,  and 
having  reassured  me  of  the  suitability  of  the  series  as  pro- 
jected to  bring  out  the  facts  for  which  we  were  seeking,  I 
then  began  the  main  work.  The  various  bodies  were  pre- 
pared on  sufficient  scale,  and  were  worked  into  the  shapes 
heretofore  decided  upon  and  after  drying  each  lot  thoroughly, 
I  fired  them.  It  was  impossible  to  obtain  in  the  small  kiln 
used,  an  absolutely  uniform  temperature  over  the  entire 
kiln.  However,  I  think  I  can  say,  that  except  in  one  case, 
all  received  an  equal  period  of  firing.  All  the  pieces  were 
imbedded  in  silica  sand,  except  Series  A-III  from  which  the 
sand  leaked  away  to  some  extent  during  the  firing  process. 
Series  A  had  to  be  refired,  as  it  was  not  fully  matured  at  the 
first  firing.  Of  course  in  such  a  line  of  work  as  I  have  pur- 
sued, the  factor  of  error  due  to  a  variation  of  the  process  is 
very  great,  but  I  have  made  an  effort  to  work  all  the  bodies 
as  nearly  alike  as  possible  and  think  that  even  with  these 
factors  of  error  present,  we  may  find  some  valuable  facts  by 
a  study  of  the  results  of  the  tests. 

REMARKS  ON  THE  RESULTS  OF  SERIES  A. 
BL.ECTBICAL  BESISTANOE 

As  I  only  had  4^"x4j^"  tile  for  this  test,  I  could  not 
expect  to  obtain  above  a  test  of  50,000  volts.  For  this 
reason  I  reduced  the  thickness  of  my  tile  at  the  center  to 
about  ^  inch.  The  voltage  for  this  test  was  obtained  by 
means  of  a  transformer  provided  for  me  by  the  Electrical 
Engineering  Department  of  Ohio  State  University  and 
operated  by  R.  D.  DeWolf,  fellow  in  that  department.  Our 
power  was  obtained  from  the  power  circuit  of  O.  S.  U. 

The  test  resulted  as  follows : 
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Scries  A-I^See  Table 

A-I-1  was  melted  out  of  shape  and  could  not  be  tested. 
A-I-2  and  A-I-3  stood  the  maximum  voltage,  arcing  at  47,250 
volts  without  puncturing.  A-I-4  and  A-I-5  both  show  a 
decreasing  efficiency  as  insulators. 

Of  this  group,  I  think  A-I-3  seems  the  most  desirable. 

Series  A-II^  See  Table 

This  series  gives  apparent  confirmation  to  my  opinion 
that  a  glassy  porcelain  has  not  the  insulating  strength  of  a 
semi-stony  one. 

A-II-1  shows  a  poor  insulating  power,  due  to  imperfect 
vitrification. 

A-II-2  seems  improved  in  vitrification  and  shows  a 
higher  resistance. 

A-II-3,  which  proved  the  best  in  the  tensile  test,  again 
seems  preferable,  standing  the  maximum  voltage  applied. 

A-II-4  stands  the  same  voltage  without  puncturing,  as 
did  A-II-3,  but  its  inferiority  as  shown  in  the  tensile  test 
makes  it  less  desirable  than  the  preceding  specimen. 

A-II-5  failed  to  stand  up  under  the  voltage  applied  and 
punctured  at  a  maximum  of  36,900  volts. 

This,  with  its  indicated  weakness  in  tensile  strength, 
would  lead  us  to  believe  that  we  must  look  elsewhere  than 
to  pure  feldspar  porcelains  for  the  highest  insulating 
materials. 

Series  A-III—  See  Table 

This  series  shows  an  increasing  electrical  resistence 
with  an  increasing  proportion  of  Si02. 

A-III-1  could  not  be  worked  in  a  dry  press  process  due 
to  the  high  clay  contents.  All  the  tiles  cracked  in  burning, 
hence  no  electrical  test  was  obtained. 

A-III-2  punctured  at  13,050  and  10,250  volts,  respec- 
tively. 

A-III-3  was  only  tested  in  i  inch  thickness,  as  all  the 
^  inch  specimens  were  imperfect.  At  i  inch  thickness,  this 
specimen  stood  39,400  volts  without  puncturing,  the  current 
arcing  around  the  tile  at  this  voltage. 
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A-III-4  at  ^  inch  thickness  stood  the  maximum  voltage 
^  without  puncturing  and  arced  at  49,500  volts.    A  ^  inch 

tile  punctured  at  38, 250  volts. 

A-III-5  at  ^  inch  thick  could  not  be  punctured  but 
arced  around  at  49,500  volts.  However,  the  specimens  all 
show  over-maturity,  which  makes  this  composition  an  unde- 
sirable one. 

I  should  consider  A-III-4  as  the  best  of  this  series. 

ABRASION  TBST. 

The  abrasion  test  was  made  by  filling  a  large  ball  mill 
with  two  hundred  pounds  of  flint  pebbles  and  enough  water 
to  cover  them  completely.  The  brickettes  were  then 
weighed  and  placed  in  the  mill,  which  was  then  closed 
and  started.  Two  separate  sets  of  tests  were  made  upon 
each  type  of  porcelain.  One  set  was  subjected  to  a  test  of 
1000  revolutions  and  the  other  was  subjected  to  a  2000  revo- 
lution test.     The  results  are  as  follows : 

Series  A-I—  See  Table 

A-I-1  seems  to  have  either  been  softened  and  weakened 
by  over-maturity,  or  to  be  naturally  of  a  weak,  fragile  com- 
position, due  to  lack  of  Al^Og  in  its  composition.  The 
specimens  of  this  type  both  wore  badly,  although  they  did 
not  chip. 

A-I-2  seems  to  have  stood  the  test  remarkably  in  one 
case,  and  broken  down  badly  in  the  other  case. 

A-I-3  stood  the  1000  revolution  test  and  showed  no  signs 
of  wear.  It  wore  badly  in  the  2000  revolution  test,  how- 
ever. 

A-I-4  stood  the  1000  revolution  test  well,  but  lost  2.03 
per  cent,  on  the  2000  revolution  test. 

A-I-5  lost  1.02  per  cent,  in  the  1000  revolution  test, 
indicating  a  uniform  density  and  maturity  throughout. 

From  the  evidence  at  hand,  A-I-4  is  undoubtedly  the 
choice  of  this  series. 

Series  A-II—  See  TaMe 
A-II-1,  2  and  3  can  not  be  very  satisfactorily  compared 
from  the  data  obtained,  since  one  of  each  type  was  broken 
in  the  test  and  lost  heavily  from  chipping. 
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A-II-4  and  5,  both  stood  the  tests  without  breaking  in 
either  case,  but  both  lost  considerably  by  wear. 
Of  this,  Series  A-II-4  seems  the  most  desirable. 

SMes  A-III--  See  Table 

A-III-1  wore  badly  in  both  cases. 

A-III-2  and  3  stood  perfectly  in  the  1000  revolution  test, 
but  both  broke  in  the  2000  revolution  test. 

A-III-5  loses  nothing  in  either  test.  Hence,  we  must 
accept  A-III-5  as  the  best  as  indicated  from  this  test. 

ABSOBPTION  TBBT. 

We  only  find  three  specimens  of  this  series  that  are  not 
completely  vitrified.  These  are,  A-I-5  and  A-III-1  and  2. 
I  cannot  explain  the  cause  of  A-III-2  being  soft.  I  think 
some  error  has  been  made  in  compounding  this  specimen, 
since  A-III-2  seems  at  fault  whenever  tested,  while  A-I-2 
and  A-II-1,  which  are  of  the  same  composition,  show  no  lack 
of  vitrification. 

TENSILB  BTBENGTH. 

This  test  was  made  on  a  standard  machine,  using  paste- 
board around  the  ends  of  the  brickettes  to  act  as  cushions 
and  prevent  cracking  from  direct  contact  with  the  jaws  of  the 
machine  which  were  plain  and  not  fitted  with  rolls  as  are  the 
jaws  of  machines  now  made  for  testing  cement  brickettes* 
The  brickettes  when  made  had  a  central  cross  section  of  one 
square  inch.  This  was  reduced  by  shrinkage  in  drying  and 
firing  so  that  it  was  necessary  to  calculate  the  tensile 
strength  per  square  inch  in  each  case.  The  fractures  result- 
ing from  this  test  proved  very  interesting  and  I  believe  very 
instructive.    They  are  as  follows: 

Series  A-I^  See  Tables 

A-I-1  shows  a  glassy  fracture,  somewhat  bloated  and 
very  open. 

A-I-2  shows  a  very  glassy  fracture,  but  not  so  badly 
bloated  as  A-I-1. 

A-I-3  has  a  fairly  dense  semi-glassy  plane  of  fracture 
with  little  or  no  signs  of  bloating. 

A-I-4  shows  a  dense  porcelain  fracture,  somewhat  stony 
in  appearance. 
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A-I-5  has  a  dull  grey  fracture  plane  which  shows  traces 
^  of  immaturity  and  porosity.     A-I-5a  showed  a  weak  center 

which  was  yellow  and  apparently  under-matured. 

Of  Series  A-I,  the  strongest  is  either  A-I-3  or  A-I-4. 
A-I-3  shows  considerable  strength,  but  the  bloating 
indicated  over-maturity.  A-I-5  shows  weakness  from  imma- 
turity, as  might  be  expected. 

Series  A-II^See  Tables 

A-II-1  being  the  same  as  A-I-4  in  composition,  has  much 
the  same  general  appearance. 

A-II-2  shows  a  slight  increase  in  glossiness  and  a 
smoother  fracture. 

A-II-3  has  a  glossy  fracture  but  is  very  dense.  A-II-3b 
has  large  interior  flaw  which  weakens  it. 

AII-4  has  a  very  glossy  fracture  which  discloses  minute 
cavities  as  evidence  that  bloating  has  begun. 

A-II-5  displays  a  very  badly  bloated  fracture  full  of 
large  cavities. 

Of  the  A-II  series  the  test  shows  A-II-3  to  be  the  best. 
This  specimen  has  a  composition  of 


tcao}^-^»^«{^-2S10, 


which  seems  to  indicate  that  where  calcium  is  much  in 
excess,  we  do  not  get  the  degree  of  density  unless  it  be  just 
on  the  verge  of  the  fusing  period.  Without  density  we 
cannot  have  strength.  At  the  same  time  the  test  seems  to 
condemn  A-I-5  as  being  brittle  from  excess  of  K2O  which 
caused  glassiness. 

Series  A-III^  See  Table 

A-III-1  shows  an  under-matured  creamy  fracture  with 
evidence  of  considerable  porosity.  A-III-la  has  a  flaw  in 
the  line  of  fracture,  hence  its  weakness. 

A-III-2  shows  a  somewhat  denser  stonier  fracture  and 
but  little  sign  of  glassiness.  A-III-2a  has  a  flaw  along  its 
plane  of  fracture. 

A-III-3  does  not  show  a  very  much  denser  structure 
than  does  A-III-2.     I  can  not  explain  this. 
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B-II-3  loses  nothing  in  the  1000  revolution  test. 

B-II-4  shows  its  increasing  glassiness,  due  to  its  in- 
creasing K2O  content.  It  breaks  in  the  2000  revolution  test 
and  loses  10  per  cent. 

B-II-5  loses  10  per  cent,  in  the  1000  revolution  test  and 
over  12  per  cent,  in  the  2000  revolution  test. 

I  think  we  are  safe  in  selecting  B-II-3  as  the  choice  of 
this  series. 

Series  B-III—  See  Table 

B-III-1  loses  about  the  average  one  per  cent,  in  the 
1000  revolution  test  and  two  per  cent,  in  the  2000  revolu- 
tion test. 

B-III-2  broke  in  the  1000  test  and  lost  4.4  per  cent.  In 
the  2000  test  it  loses  only  2.27  per  cent. 

B-III-3  broke  in  the  2000  revolution  test,  but  stood 
the  best  test  of  any  in  the  1000  revolution  test. 

B-III-4  lost  three  per  cent,  and  B-III-6  lost  3.45  per 
cent,  by  actual  abrasion  in  the  2000  revolution  test. 

I  think  we  may  safely  select  B-III-3  as  the  best  of  this 
series. 

ABSOBPTION  TEST. 

f 

The  absorption  test  on  series  B  shows  only  one  specimen 
to  be  at  all  porous,  viz.:  B-II-1,  in  which  CaO  alone  was  used 
as  a  flux. 

TENSIIiB  TEST. 

Series  B-I—See  Table 

B-I-1  shows  a  porous,  glassy  fracture. 

B-I-2  shows  a  much  denser,  but  still  a  glassy  fracture. 

B-I-3  shows  some  signs  of  stoniness  with  a  dense  dull 
fracture. 

B-I-4  shows  a  decidedly  stony  fracture,  with  a  flinty 
appearing  surface. 

B-I-5  displays  increased  stoniness. 

The  tensile  tests  favor  specimen  B-I-4  very  much,  and 
since  it  stands  2449  pounds  per  square  inch,  in  one  speci- 
men having  an  internal  flaw,  I  think  we  may  say  that  from 
this  test  we  choose  B-I-4  as  the  best. 
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Series  B-II—See  Table 

^  In  B-II  series  we  see  again,  as  in  series  A-II,  the  grada- 

tion caused  by  replacement  of  CaO  by  KjO  as  a  flux. 

B-II-1  shows  only  a  dense  biscuit-like  body  with  slight 
porosity. 

B-II-2  has  lost  its  porosity,  but  still  lacks  any  trace  of 
translucency  and  displays  a  purely  clayey  fracture. 

B-II-3  give  a  splendid  stony  porcelain,  with  a  dense 
smooth  plane  of  fracture. 

B-II-4  shows  a  glassier  fracture  plane  and  an  appear- 
ance of  brittleness. 

B-II-5  has  a  brilliant  fracture  surface  and  indicates 
that  it  is  decidedly  brittle. 

In  this  series  the  test  shows  very  clearly  that  when  more 

than  50  per  cent,  of  the  RO  is  KjO,  the  body  begins  to 

deteriorate  from  brittleness,  while  with  over  50  per  cent,  of 

the  RO  in  the  form  of  CaO,  we  note  immaturity  or  lack  of 

vitrification. 

Series  B-III^See  TaUe 

Series  B-III  shows  an  increasing  strength  with  an  in- 
creasing silica  content. 

B-III-1  shows  a  dull,  stony  plane  of  fracture. 

B-III-2  shows  an  improvement  in  the  appearance  of  the 
fracture  over  that  noted  in  the  preceding. 

B-III-3  shows  a  very  fair  porcelain-like  break  with  slight 
glassiness. 

B-III-4  shows  the  same  break  as  noted  in  fine  high 
grade  porcelains,  but  somewhat  less  translucency  is  ap- 
parent. 

B-III-5  shows  some  signs  of  open  structure  due  to  over- 
maturity. 

Of  this,  Series  B-III-4  seems  the  most  promising,  with 
B-III-3  a  close  second. 

SHBINKAOE  TEST. 

The  shrinkage  test  on  series  B  seemed  to  show  little 
that  we  did  not  already  know.  The  specimens  high  in 
K^O  maintain  their  size  uniform  with  the  rest  of  the  series. 
Where  two  specimens  of  the  same  composition  are  unequally 
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matured^  the  specimen   showing    the    greatest    shrinkage 
invariably  stands  the  severest  test. 

I  think  we  may  safely  select  B-I-2  from  the  B-I  series 
as  showing  the  best  average  in  all  tests.  In  B-II  series,  we 
find  B  II-3  leads  the  others.  In  B-III  series,  specimen 
B-III-8  is  the  favorite. 


REMARKS  ON  THE  RESULTS  OF  SERIES  C. 
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Note  that  in  series  C  the  plates  were  only  }i  inch  in 
thickness,  instead  of  3-16  inch  as  in  previous  tests.  A  test 
is  also  recorded  at  ^  inch  thick. 

C-I-1  stands  the  maximum,  34,000  volts  at  ^  inch 
thickness,  and  is  not  punctured  at  47,500  at  ^  inch  thick. 

C-I-2  and  3  show  a  decreasing  efficiency  as  insulators. 
C-I-4  is  notably  better  than  the  two  preceding  in  this  re- 
spect, perhaps  owing  to  its  highly  developed  stony 
structure.     The  choice  in  this  series  is,  however,  C-I-1  or  2. 

Series  C-II  shows  an  increasing  electrical  resistance 
with  an  increasing  K^O  contents,  but  every  specimen  tested 
punctured,  the  best  being  the  one  of  pure  KjO  flux.  This 
is  contrary  to  the  evident  influences  of  K2O  alone  as  a  flux 
according  to  the  observations  at  lower  temperatures.  We 
must  concede  C-II-4  and  5  as  the  best  of  this  series  from  the 
insulating  efficiency  evinced  in  this  test. 

ABRASION  TEST. 

Series  C-I  shows  a  magnificent  record  in  this  test.  Both 
the  1000  and  the  2000  revolution  tests  failed  to  in  any  way 
affect  any  of  this  series,  and  the  blocks  tested  showed  no 
evidence  of  having  undergone  any  abrasive  action  whatever. 
I  take  it  that  this  is  a  very  strong  argument  in  favor  of  high 
fire  porcelain. 

C-II-1  with  CaO  alone  as  a  flux  loses  8  to  12  per  cent 
by  pure  abrasion,  showing  that  it  lacks  density  and 
strength. 

C-II-2  loses  only  1.63  per  cent,  in  the  worst  specimen^ 
showing  a  marked  improvement. 
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C-II-3  and  4  lose  nothing  in  either  case. 

C-II-6  with  K2O  alone  as  a  jBlux  loses  3.33  per  cent,  and 
2.34  per  cent,  by  chipping,  which  seems  a  characteristic  of 
pure  potash  porcelain. 

Of  C-II  series  we  may  safely  say  that  favorite  is  either 
C-II-3  or  4. 

ABSOBPTION  TEST. 

The  test  showed  the  entire  series  to  be  completely 
vitrified. 

On  the  series  C-II  tests,  specimen  C-II-1  and  2  showed 
lack  of  perfect  vitrification,  the  other  members  all  proving 
perfectly  vitrified. 

TBNBIIiE  TEST. 

Series  C-I^  See  Table 

C-I-1  shows  a  glassy  fracture  with  a  slight  trace  of  over- 
nucturity.  That  it  is  at  its  best  is  evinced  by  one  specimen 
standing  2, 100  pounds  per  square  inch. 

C-I-2  shows  a  fine  close  body  with  a  good  bright  plane 
of  fracture  but  no  signs  of  over-maturity.  One  specimen 
stood  3071  pounds  per  square  inch,  the  maximum  strength 
displayed  by  any  specimen  in  this  work. 

C-I-3  shows  a  good  close  structure  and  a  tendency  to 
stoniness. 

C-I-4  is  an  extremely  dense  but  a  very  stony  porce- 
lain. 

C-I-6  shows  an  excess  of  clay  in  its  composition  as  it  has 
a  dead  and  weak  appearance  to  its  fracture. 

C-I-1  and  2  show  the  highest  degree  of  tensile  devel- 
opment of  this  series. 

Series  C-II— See  Table 

C-II-1  gives  us  only  a  good  biscuit. 

C-II-2  is  a  very  hard  biscuit,  but  lacking  in  vitrifi- 
cation and  translucency. 

C-II-3  has  a  close  structure  with  good  vitrification  and 
dense  stoniness. 

C-II-4  is  a  good  semi-stony  porcelain  with  a  splendid 
appearance  of  translucency. 
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C-II-6  is  a  fine  well  matured  porcelain  of  a  glassy 
nature. 

The  choice  of  the  above  as  indicated  by  the  tensile  test 
would  be  C-II-4  or  5. 

SHBINKAQE  TEST. 

The  tests  showed  a  slightly  increasing  shrinkage  with 
an  increase  of  AI2O8  from  clay  substance  until  C-I-3  is 
reached.  Above  this  no  increased  shrinkage  is  apparent. 
In  the  C-II  series,  the  increased  KjO  seemed  to  cause  in- 
creased shrinkage. 

C-II-2  for  some  reason  shrinks  equally  with  C-II-4  and  5. 
My  only  explanation  of  this  would  be  that  the  large  amount 
of  clay  substance  present  in  this  specimen  is  enabled  to  act 
by  the  addition  of  the  small  amount  of  feldspar. 

Why  C-II-3,  also,  did  not  shrink  proportionately  I  caa 
not  explain.  I  note,  however,  that  in  every  case  the  first 
addition  of  K2O  seems  to  cause  an  increased  shrinkage! 
not  continuing  to  increase  in  the  higher  K^O  porcelains. 

We  may  choose  from  Series  C-I  as  favorites,  either  C-I-1 
or  2.     From  Series  C-II,  I  think  C-II-4  is  the  best. 


The  data  which  have  been  discussed  in  the  foregoing, 
will  be  found  in  tabular  form  in  the  following  eight  pages : 
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TESTS  OF  SERIES. 
A-I 
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Ho. 

TUeknaas 

Puncturing 
Voltage 

RJBMABKS: 

Melted  out  of  shape  and  conld  not  be 

tested. 
Arced  around  at  47,260  Volts. 
•*        at  47,260      ** 
"           "        at  47,260      " 

A  Inch. 

A   " 
A    " 

A" 

Not  panot'd 
••       it 

i(                14 

14,400 
13,600 
11,475 
10,675 

ABBASION  TEST 

With  SOO  Ponnda  Flint  PebblM 
In  Wet  Ball-Mill 

ABBOBPTION  TEST. 

370. 

Before 
Test 

After 
Test 

Per  Oent. 

LOM 

No. 

Before 
Soaking 

After 
Boaklng 

Per  Oent. 
Ab(K>rpt*n 

51.0  grs. 
49.0    '* 
62.5    '« 
63.0    " 
48.0    '« 
48.7     '* 
49.2     " 
47.5    *' 
48.0     •' 
49.0     '* 

49.0  grs. 
47.0    " 
52.0    " 
58.6    " 
47.0    «' 
48.6    " 
48.2    " 
47.6    '• 
47.0    " 
48.5    " 

3.92 
4.08 
095 
7.14 
2.08 
0.61 
2.08 

2.08 
1.02 

51.0  grs. 
49.0    ** 

52.6  " 
63.0    •• 
48.0    " 

48.7  «• 
49.2    " 
47.6    " 
46.6    ** 
48.5    " 

51.0  grs. 
49.0    " 
52.0    " 
68.0    '* 
48.0    '• 
48.7    •• 
49.2    «' 
47.6    " 
48.0    •« 
49.0    *' 

6.50 
1.06 

»=  leOB  revotatlon  test. 

TBNBIIiB  TBST. 


Load 
Necessary 
to  Break 


912  lbs. 

44 


Tensile 

Strength  of 

1  Sq.  inch 


1890  lbs. 

44 


2408 
2161 
2878 
2605 
2891 
2866 
1181 
2066 


44 
44 
44 
4l 
44 
41 
14 
44 


BHBINKAOB  TEST, 


No. 


3 


a 
b 
a 
b 
a 
b 
a 
b 
a 
b 


Area 
Green 


l.Sq.In. 


1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 


44 
44 
41 
44 
II 
»l 
14 
II 
44 


Burned 


.656sq.iu 

41 


.738 
.764 
.793 
.766 
.788 
.711 
.765 
.761 


44 
44 
II 
44 
14 
II 
II 
14 


Per  Oent. 

LOM 


84.40 

26.20 
28.64 
20.70 
23.44 
26.17 
28.90 
23.44 
28.88 


fCer 
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SLBOTBIOAL  POBOBI<AlN. 


TE8TS  OF  SERIES.    (Continued) 

A-n. 


BUSOTRIOAL  BBSI8TAN0B  TBST. 


No. 

Thickness 

Panctnrlng 
Voltage 

Rbmabks: 

1  s 

__         41 

10,700 

5" 

28,626 
86,000 

^  b 

Not  punct^d 

K                 ii 
ci              (t 

86,900 
27,460 

Arced  around  at  47,260  Volts 
ii           it        44  47^260     '• 
ii           ii        i4  47  250     » 
ti            ii        ii  47^250     " 

ABBASIOK  TBST 

With  SOO  Pounds  Pebbles  In  Web 
Ball-Mill 

ABSOBPTION  TBST. 

No. 

Before 
Test 

After 
Test 

Per  Oent. 
Loss 

No. 

Before 
Soaking 

After 
Soaking 

Per  Oent. 
Absorpt*n 

1  I 

40.0  grs. 
46.0    " 

38.0  gra. 
43.0    ** 

6.00 
4.44 

1  s 

40.0  grs. 
45.0    ** 

40.0  grs. 
46.0    *' 

2  S 

4^5.0    ** 
46.2    " 

43.0    " 
44.6    " 

4.44 
1.67 

2 1 

46.0    *» 
46.2    '* 

46.0    " 
45  2    " 

» s 

49.6    " 
49.0    •• 

46.6    ** 
48.5    " 

6.06 
1.02 

« I 

49.6    " 
49.0    »^ 

49.5    ' 
49.0    '* 

*  s 

58.5    " 
46.5    •* 

63.0    *' 
46.0    " 

0.94 
1.10 

*  I 

63.5    ** 
46.5    " 

63.5  " 

46.6  '' 

5  b 

66.0    " 
60.6    •* 

54.0    *' 
60.0    " 

1.81 
0.99 

^  I 

65.0    ** 
50.6    *» 

66.0    " 
60.6    '' 

a  =  aooo  revolatlon  test. 
b  =  1000         "              " 

TENSIIiB   TBST. 


No. 


3 


a 
b 
a 
b 
a 
b 
a 
b 
a 
b 


Area  of 

Oross 

Section 


Load 
Necessary 
to  Break 


887  lbs. 
1416  •' 
1382 
1434 
1743 
•1439  " 
1190  " 
1175 
1358 
•626 


II 
It 
11 


Ii 
II 
II 


Tensile 

Strength  of 

1  Sq.  inch 


1118  lbs. 
1860 
2028 
2092 
2643 
2099 
1681 
1660 
1846 
690 


*  Indicates  a  defeotlye  brlokette. 


SHBINKAaE   TEST. 


No. 


Area 
Qreen 


a 
b 
a 
b 

a 
b 
a 
b 
a 
b 


1.  Sq. 

X. 

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 


In. 


Area 
Burned 


.793sq.in 

.766 

.683 

.686 

.686 

.685 

.708 

.708 

.736 

.761 


Per  Oent. 
Loss 


20.70 
23.60 
31.65 
31.46 
31.45 
81.45 
29.20 
29.20 
26.40 
28.88 


TE8T8  OF  SERIES.    (OonUniwd.) 


EI.BOTBIOAI.  SBBISTAHOB  TBST. 

Ko. 

Voiwg* 

IUM*««  = 

1     '^ 

*  b 

*  b 

*  b 

*  b 

^  b 

A  inch. 

Broke  in  burning. 

1S,060 
10,260 

I9,aoo 

20,760 

88,250 

Not  puaot'd 

Aroed  around  at  49,500  Volta. 

at  49,500     " 
Defeotive. 

No. 

Ba(or« 

AfMf 

Percent. 

No. 

Before 

Atter 

PerOMit. 

Abeorpfn 

B8.6  gT«. 

S7.a  gn. 

3.25 

>  5 

B3.5  gre. 

88.5   gTB. 

18.16 

2    I 

42.0       " 

2  S 

40.5      " 

42.0      " 

46.2      '■ 

48.0      " 

46.2      ■' 

6.28 

8    5 

46.6      " 

4.40 

»  II 

46.6      " 

45.5      " 

12.0      " 

12.0      " 

12.0      " 

42.0      " 

4  j; 

iS.O      " 

>2.2      " 

1.41 

'  1! 

iB.O      " 

>3.0      " 

47.0      •■ 

17.0      '< 

17.0      '■ 

47.0      " 

6    g 

46.6      " 

45.5      " 

»  5 

46.5      " 

45^      " 

SO.0      " 

50.0      " 



50.0      " 

50.0      " 



an 

No. 

Ara»of 

Load 

Tenille 

No. 

Area 
Qreen 

Area 

Per  Cent. 

|X 

880  Iba. 

498  lb8.» 

^ 

l.Sq.In. 

764scj.In 

23.64 

M 

698     " 

1069    "  • 

^t 

I.      " 

84.08 

1200    " 

1820    " 

669    " 

84.08 

1288    " 

1749    " 

'  5 

736    " 

26.37 

1216    '■ 

1624    " 

748    " 

26.20 

1408    " 

S130    " 

*  J 

659    " 

84.08 

2612    " 

660    " 

83.U9 

1986     " 

2902    " 

'  5 

683    " 

81.64 

1667     " 

2292    " 

688    " 

31.64 

•Indlo 

etMkd 

eti 

ouvebrto 

katM. 

SLSOTBICAL  POBOBLAIH. 

TESTS  OF  SERIE8.    (ConUooed) 


BIACrSIOAI.  BSSISTANOa  TBBT. 

No. 

ThlokneM 

Voltage 

Auaub: 

1     ^ 

AlDCb 

Not  punct'd 

Aroed  aroaad  at  47,860  Volts 

"         "   47,850      " 

2    i. 

"            "         "   47,860      " 

"        "  47,850     ■' 

0 ; 

A    " 

'  b 
» s 

^  :: 

A   " 

26,550 

S    " 

27,450 

ABBASION  TEST 

ABSOBPTION  TEST. 

RO. 

Percent. 

No. 

Betore 

Lou 

Soaking 

AtMorpfn 

1      ^ 

4S.6grs 

46.0  grs. 

1.10 

47.7  gre. 

47.7  gTB. 

1.17 

8 1; 

41.0     " 

40.0    " 

1.22 

2     ^ 

>1.0 

il.O      " 

50  5    " 

60.0     " 

0.9» 

W.5 

iO.5      " 

8    f, 

42.7     " 

42.0    " 

1.76 

3    I 

14.0 

44.0      " 

41.6     '• 

41.0     " 

1.20 

11.5 

11.5      " 

^R 

1.71 

4    g 

15.7 

16.7      " 

41.6    " 

40.5    " 

2.16 

11.5 

II.5      " 

«5 

42.7    " 

40.6    " 

5.26 

5    * 

46.0 

16.0      " 

38.5    " 

38.2    " 

38.6       * 

38.5      " 



»=SO(»reToliiUoi>Mst. 

TBNSttB  TB6T. 

8HBINKAOB  TEST. 

No. 

S 

wS? 

Tensile 

No. 

O^ 

A«» 
Bnmed 

Per  Oent. 
Lou 

1     2 

1465  lbs. 

1977  IbB. 

1      <^ 

1.  Sq.  In, 

.786Bq.iD 

26.40 

1889   " 

1959    " 

^    b 

ia45    " 

^l 

1614  " 

2129    " 

,711      ■' 

28.90 

8    g 

1203   " 

1891    " 

«     t 

,688      " 

1104  " 

1600    ■' 

,736      " 

26.87 

4    b 

1660   " 

244»    '■ 

*     I 

.682     " 

86.72 

H57  " 

2802    " 

6    b 

687  "■ 

944    "• 

'     I 

82JU 

Hx 

1171    " 

1860    " 

1.       *• 

.682     " 

86.72 

■LSCnrBIOAI.  POSOBLjUir. 


TE8TB  OP  8BBEB8.    (Contlnnad) 

B-n. 

BIAOTBIOAL  BB8IBTAM0B  IBBT. 

Mo. 

rbl«knM« 

PuMtnrlnK 
Voltage 

lUlUBKS: 

A  Inch 

16,660 
18.460 

15,876 

18,900 

16,800 

16.660 

17,100 

Punotored  at  84,600  Volti,  H  ia.  thick. 

A  ;; 

18,126 

PQDOtnred  &t  47,260  Volts,  %  in.  thick. 

With  SDO  FoDnda  rilnt  PebblM 

AB80SPTI0N  TBST. 

U  Wet  B>1I-HIII 

Hol 

Before 

After 

Percent. 

No. 

Before 

AKer 

PerOeftt, 

TMt 

Teit 

TMt 

Boaklng 

SoMktng 

Abwrpfn 

1     '^ 

U.T     gTB. 

40.0  gF8. 

8.67 

1      '' 

42.0  gra. 

47.2   gra. 

12J) 

^     b 

15.5 

44.5    " 

2.30 

'     b 

40.6    " 

46.6     " 

11.1 

^    S 

15.0 

44.6    " 

1.10 

2    I 

89.0    " 

89.0     " 

16.7 

46.6    " 

0.65 

45.7    " 

46.7     " 

«  £ 

12.0 

41.0    '■ 

2.8S 

«     I 

62.2    " 

62.2     " 

1.5 

41.6    '■ 

41.5    " 

47.6     " 

^  S 

0.6 

86.6    " 

10.00 

*     I 

56.6    " 

56.5     " 

M.6 

48.5    " 

2.24 

44.5    " 

44.5     " 

«  5 

WO 

41.0    " 

10.87 

^l 

60.0    '■ 

60.0     " 

19.6      " 

48.6    ■' 

12.12 

49,6    " 

49.6     " 



Kz  xno  rsTolatloQ  tMt. 

b=MIOO 

Am  of 

LOMl 

Tensile 

Arw 

PerOMit, 

Wo. 

£SS. 

SSS2' 

1^X^£' 

No. 

Orwn 

Z 

628  Iba. 

769  Iba. 

1      * 

1.  8q.  In. 

82Usq.ln 

18.0 

690   *■ 

812    '■ 

*     b 

1.        " 

860     '■ 

16.0 

1868   " 

1971    " 

'  t 

686    " 

31.4 

1845   " 

1962    " 

I.        " 

686    " 

81.4 

1425    " 

2004    " 

**    b 

711     " 

28,0 

1980    " 

2692    " 

l!        " 

.788    " 

26.4 

1666    " 

2201    '■ 

*   b 

1.        •' 

.711     " 

28.9 

1421    " 

1926    " 

1.        " 

,788    " 

26.4 

1160  " 

16S1    " 

^      b 

t.        » 

.711     - 

28.9 

" 

1178   " 

1680    " 

1.        " 

■™" 

26.4 

122 


BliBGTBIOAIi  POBOBLAIN. 


TESTS  OF  SERIES.    (Continued.) 

B-in 


BliBOTBIOAIi  BBBISTAlfOB  TBST. 


No. 

Thloknen 

Panotnrlng 
Voltage 

BxkabA: 

m 

Burst  in  firing. 

1  b 

2  b 

A  inch. 
A      " 

81.060 

25,600 

Not  punotM 

U             l(    - 

Arced  around  at  49,500  Volts. 
"           **        at  49,600      '* 
"           "        at  49,600     " 

Not  punotM 

Arced  around  at  49,600  Volts. 
"           "        at  49,600     " 

ABBASION  TEST 
With  900  Pounds  Flint  Pebbles 
In  Wet  Ball-Mill 

ABSOBPTION  TEST 

No. 

Before 
Test 

After 
Test 

Per  Oent. 
Loss 

No. 

Before 
Soaking 

After 
Soaking 

Per  Oent. 
Absorpt^ 

1  S 

*  b 

39.6  grs. 

46.5  " 
44.0    " 
46.0    '* 
47.0    •• 

67.6  ** 
49.6    •' 
56.6    *• 
68.0    '• 
61.6    " 

38.6  grs. 
46.0    " 
48.0    " 
43.0    '* 

41.6  " 
67.0    •* 
48.0    •* 

65.7  .  " 
66.0    " 
61.0    ** 

2.68 
1.10 
2.27 
4.44 
11.70 
0.87 
3.08 
1.82 
8.46 
0.97 

1  s 

42.0  grs. 

46.5  '' 
50.0    •• 
46.0    " 
60.7    •' 

67.6  " 

68.7  " 
66.6    " 
56.0    ** 
61.6    " 

42.0  grs. 

46.6  '' 
60.0    " 
46.0    " 

60.7  ** 

57.6  " 

68.7  " 
56.6    " 
66.0     * 
51.6    " 

a^eSOOO  reyolatlon  test. 
b-1000           ••            " 

TENSIIiB    TEST. 


No. 


8 


b 
a 
b 

a 
b 
a 
b 

a 
b 


Area  of 

Gross 

Section 


Load 

Necessary 

to  break 


826  lbs. 
2070 
1220 
1511 
1466 
1474 
1765 
1716 
1604 
1298 


(I 

tt 
u 
u 
ti 
»t 
tl 
u 
II 


Tensile 

Strength  of 

1  Sq.  Inoh 


1118  lbs.* 

2806 

1697 

2101 

2288 

2247 

2669 

2886 

2194 

1805 


•Indicates  a  defeetlye  brlcketta. 


SHBINKAQE  TBST. 


No. 


2 
8 


a 
b 

a 
b 
a 
b 
a 
b 
a 
b 


Area 
Oreen 


l.OSq.In 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 


41 

i< 

(I 
i( 
tt 
II 


Area 
Earned 


.738sq.in 

.788    " 

.719 

.719 

.666 

•666 

.683 

.719 

.686 

.719 


IC 

11 
II 
II 
(I 
II 
II 


Percent. 
(Loss 


26.2 
26.2 
28.1 
28.1 
84.4 
34.4 
81.6 
28.1 
81.4 
28.1 


BLSOTBIOAL  POBOBLAIIr. 


TESTS  OF  SEMES.    (ContinnedO 
O-I 

BLBOTBIOAL  RBBISTANOB  TEST. 


Mo. 

rbloknua 

'^^S^' 

Bbmarkb: 

*     b 

in 

oh. 

84,000 

36.760 
47.000 
17,260 
18.660 
28,000 
21,000 

Arced  around  at  47,600  volte. 
DefeoUve. 

14,800 

ABBASION  TEST 

ABBOBPTION  TB8I. 

in  W«t  B«I1-MIU 

No. 

B«for« 

AR«r 

FaTOrat. 

Ho. 

Belor< 

AfMr 

Per  Cent. 

LOM 

SoaklE 

g     aotUdag 

AbTOfptll 

38.0  grs. 

36.0  era. 

.00 

86.0  g 

B.  S6.0  BTS. 

.00 

.00 

.00 

^  s 

40.0    ■' 

40.0    " 

.00 

40.0    ' 

40.0    " 

.00 

41.6    '■ 

41.5    " 

.00 

'  s 

*1.6    " 

41.6    " 

11.6    " 

.00 

il.5    ' 

*1.6    " 

.00 

J8.6    " 

J8.6    " 

.00 

« s 

M.5    ' 

S8.8    " 

.00 

87.7    " 

.00 

J7.7    ' 

B7.7     " 

83.7    " 

83.7     " 

.00 

'S 

S8.7    ' 

83.7     " 

.00 

33.7    " 

J8.7     " 

.00 

33.7    ' 

33.7    " 

.00 

" 
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BLSCTBIOAL  POBOBBAIK. 


TESTS  OF  SERIES.    (Continued) 

o-n. 


BLEOTBIOAIi  BBBI9TANOB  TEST. 

No. 

TIilokn«M 

Panotiiring 
Voltage 

Rbkabks: 

A 

H  inch 

III 

1       b 

18,500 
14,500 
15,200 
14,000 
14,300 
14,250 
23,750 
18,750 
36,000 

ABRASION  TEST 

With  900  Poands  Flint  Pebbles 
m  Wet  BaU-Mlll 

ABSOBPTION  TEST. 

No. 

Before 
Test 

After 

Test 

Per  Oent. 
Loss 

No- 

Before 
Soaking 

After 
Boaklng 

Per  Oent. 
Ab8orpt*n 

1  S 

80.0  grs. 
33.0    *» 
80.0    " 
30.7    *' 
83.0    " 
28.5    " 
30.5    *' 
30.5    •* 
82.0    ** 
80.0    " 

80.2   grs. 
29.0     '' 
29.7      '' 
30.2     *' 
33.0     •* 
28.5     " 
80.5      " 
30.5      " 
81.2      " 
29.0      " 

8.38 
12.12 
0.83 
1.63 
0.00 
0.00 
0.00 
0.00 
2.34 
3.83 

1  £ 

29.0  grs. 
29.0    '* 
29.5    '* 
80  0    '» 
33.0    " 
28.5    *' 
30.5    " 
80.5    '* 
82.0    " 
80.0    "■ 

83.0  grs. 
83.0    *' 
30.0    '* 
30.7    " 
33.0    *• 
28.5    ** 
80.5    ** 
80.5    '* 
32.0    " 
3U.0    ** 

13.8 

13.8 

1.7 

2.5 

a— 9000  reyolation  test. 
b=sl000         ••             " 

TENSILE  TEST. 


No. 


2 

3 


a 
b 
a 
b 
a 
b 
a 
b 
a 
b 


Area  of 

Gross 

Section 


p 


|X 


Mi 


I 

f 
f 


Load 
Necessary 
to  Break 


(I 


843  lbs. 

876  '* 
1018 
1084 

410  "* 

1157  " 

1140  '*♦ 

1643  '* 

705  "* 

1492  '* 


Tensile 

Strength  of 

ISq.lnch 


1101  lbs. 

1145  ** 

1604  " 

1706  ** 

u» 

1768  •* 

1796  *** 

2586  " 

**» 

2850  '* 


SHRINKAGE  TEST. 


No. 


1 
2 
8 

4 
5 


*  Indioates  a  defeotiye  brlckette. 


a 

b 
a 
b 

a 
b 
a 
b 
a 
b 


Area 
Oreen 


1.  Sq.  In. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 


It 
it 
ft 
(t 
ft 
tf 
It 
tt 
tt 


Area 
Burned 


.765  sq.in 

.764    " 

.634 

.634 

.660 

.660 

.634 

.634 

.684 

.634 


tt 
tt 
ti 
tt 
It 
tt 
tt 
tt 


Per  Oent. 
Loss 


23.44 
23.56 
36.52 
36.52 
83.99 
38.99 
36.62 
36.52 
36.62 
36.52 


■UBOTBIOAL  POBOBIiA^IK.  1S6 

GENERAL  CONCLUSIONS  ON  THE  WORK  AS  COMPLETED. 

The  object  of  this  investigation  was  to  prove,  if  pos- 
sible, the  proportions  of  the  essential  constituents  which  go 
to  make  up  the  best  insulating  porcelains.  By  the  test, 
we  have  learned  that  porcelains  of  equally  good  appearance 
may  possess  greatly  varying  values  when  subjected  to  var- 
ious tests.  The  essential  properties  of  an  electrical  in- 
sulator are :  That  it  possess,  first  of  all,  a  high  efficiency  as 
a  non-conductor.  Second,  that  it  stand,  without  snapping, 
any  reasonable  strain  put  upon  it  by  the  exigencies  of 
wiring.  Third;  that  it  withstand  the  blows  of  missiles, 
even  bullets,  without  breaking.  The  electrical,  the  tensile 
and  the  abrasion  tests,  respectively,  were  made  to  show 
these  properties  in  the  porcelains  tested. 

From  a  study  of  the  electrical  resistance  tests  we  have 
found  that  every  specimen  standing  a  superior  test  has  a 
high  silica  and  moderately  low  alumina  content.  Unfortun- 
ately in  each  series  showing  the  variation  in  proportions  of 
CaO  and  K2O,  the  content  of  AljOg  was  so  high  that  no 
exceptionally  good  porcelains  were  obtained,  even  with 
high  K3O  content  However,  a  study  of  tables  A-II,  6-II 
and  C-II  will  show  the  reader  that  a  marked  improve- 
ment is  apparent  upon  increasing  the  K2O  and  de- 
creasing the  CaO,  except  at  the  extreme  of  the  series 
where  we  see  the  K2O  used  alone,  and  here  the  specimens 
show  weakness  due  to  brittleness.  I  infer  from  this  study 
that  had  the  K^O  been  somewhat  increased,  and  the  CaO 
proportionately  decreased  in  series  I  and  III,  these  series 
would  have  proved  much  better. 

Prom  a  study  of  the  abrasion  tests,  it  is  very  apparent 
that  with  K2O  alone  as  a  flux,  and  even  with  a  moderately 
high  clay  substance,  we  obtain  a  brittle  and  weak  porcelain. 
When  as  low  as  20  per  cent  of  K2O  is  replaced  by  CaO, 
we  find  the  product  changed  to  a  tough  but  well  vitrified 
body,  although  I  believe  that  the  translucency  is  reduced 
by  any  additions  of  CaO.  To  just  what,  extent  this 
is  the  case  is  not  a  matter  of  importance  in  this  work. 
In  the  series  showing  the  effect  of  AI2O3  content,  I  notice 
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no  great  difference  in  tbe  ability  of  the  specimens  to  resist 
abrasion.  Much  the  same  statement  would  apply  to  the 
series  showing  the  results  of  varying  of  Si02.  However, 
I  note  that  the  medium  high  SiO^  specimens  seem  to  chip 
worse  than  the  extremely  high  SiO^  specimens,  while  the 
low  SiOj  specimens  show  a  lack  of  ability  to  resist  abrasion. 

A  study  of  the  test  tables  will  show  the  reader  that  of 
the  forty  different  porcelains  tested,  we  find  six  to  be  more  or 
less  porous.  It  appears  that  the  statements  made  in 
discussing  the  tensile  tests  hold  here  also,  and  that  the 
same  limits  may  be  accepted.  I  also  note  that  CaO  when 
substituted  for  an  equal  equivalent  of  KjO,  does  not  at 
either  cone  6,  cone  9,  or  cone  12,  produce  an  equal  amount 
of  vitrification. 

My  conclusions  from  a  study  of  the  tensile  tests  are  that 
a  moderately  high  SiO,  and  AljOs  content  will  bring  a 
good  strong  porcelain,  but  that  not  over  1.  AlaOg  and  6.2 
SiOa  should  be  used.  None  of  the  specimens  below  .8 
AljOg  and  4.2  Si02  were  safe,  owing  to  their  very  narrow 
vitrification  limits.  The  RO  that  proved  most  satisfactory 
in  the  tensile  tests  was  between 

f  40  per  cent.  K,0  «„h  ^  P®'  cent.  KjO  \ 
I  60  per  cent.  CaO  *  "  20  per  cent.  CaO  j 

The  shrinkage  tests  tend  to  show,  I  think,  that  there 
are  three  factors  that  may  cause  a  variation:  (1)  The 
amount  of  clay  substance  introduced.  (2)  The  variation  in 
the  kind  of  flux  used.  (3)  The  amount  of  silica  present. 
Hence  the  shrinkage  may  be  varied  to  suit  almost  any  case. 

In  closing  this  paper,  I  think  I  may  say  that  in  my 
opinion  an  ideal  porcelain  for  electrical  purposes,  may 
mature  at  any  point  between  cone  6  or  cone  12.  It  may  contain 
from  50  per  cent,  to  80  per  cent  of  its  RO  in  the  form  of 
K2O  and  the  remainder  as  CaO.  It  may  contain  from  .8 
AlaOg  to  1.0  AlaOg  and  from  4.2  SiO  to  6.2  SiOa-  Express- 
ing the  same  fact  in  formula  form,  we  would  have 

altoal&O    }    0.8tol.0Al,O.   {  4.2to6.2SiO. 

as  the  practical  range  of  composition. 
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[  Closer  limits  than  these  I  do  not  feel  able  to  lay  down, 

f  as  the  choice  wonld  be  largely  a  matter  of  fancy  for  more 

[  txanslncency  or  more  stoniness  to  be  decided  by  the  party 

interested.  However,  I  think  I  may  safely  say  that  any 
porcelain  within  the  limits  named  above,  would,  all  other 
things  being  equal,  be  as  good  as,  if  not  superior  to  the  aver- 
age electrical  insulator  porcelain  now  on  the  market. 

DISCUSSION. 

The  Chair:  Mr.  Watts  is  certainly  to  be  congratulated 
upon  the  able  manner  in  which  he  has  handled  this  subject. 
It  is  the  first  composition  which  has  ever  appeared  in  this  or 
any  other  country  on  porcelain  in  which  the  matter  of  com- 
position and  electrical  resistance  are  brought  into  compari- 
son. I  know  you  are  all  thinking  now  how  hard  it  is  going 
to  be  to  discuss  such  an  enormous  mass  of  facts  as  Mr.  Watts 
has  patiently  accumulated  and  presented  here  today.  It 
certainly  deserves  some  discussion,  and  an  expression  from 
the  society  of  the  recognition  of  its  merits.  I  think  Pro- 
fessor Orton  would  probably  be  glad  to  start  the  discussion. 
He  has  probably  given  some  thought  to  the  subject  before 
he  came  here. 

Professor  Orton:  I  cannot  say  anything  about  the  paper 
except  to  express  my  admiration  for  the  patience  and  fidelity 
with  which  Mr.  Watts  has  carried  out  his  task.  It  has 
involved  three  months'  patient  labor,  and  there  were  a  good 
many  occasions  upon  which  he  was  obliged  to  sit  up  all 
night,  in  order  to  carry  through  a  test ;  and  I  think  I  may 
fairly  say  that  there  are  not  so  very  many  people  in  this  society 
or  outside  of  it,  who  would  be  willing,  for  the  sake  of  scien- 
tific advancement,  to  devote  three  months  of  their  time, 
without  recompense,  to  an  investigation  of  this  sort.  In  my 
opinion,  it  marks  an  era  in  the  life  of  this  society,  when  a 
young  man  of  training,  opportunity  and  experience,  is  will- 
ing to  present  a  subject  upon  which  so  little  is  known  and 
upon  which  so  high  a  commercial  valuation  is  placed. 

The  transactions  of  the  electrical  societies  of  the  world 
contain  records  of  a  great  variety  of  tests  on  electrical  resis- 
tance, and  the  subject  has  been  very  carefully  studied  by 
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them  to  find  a  material  to  help  out  in  the  handling  of  high 
tension  currents.  But  so  far  as  I  am  aware  (Mr.  Watts  will 
correct  me  if  the  statement  is  not  true),  no  one  has  before 
attempted  to  show  the  relation  between  the  composition  of 
porcelain,  and  its  ability  to  resist  high  tension  currents ;  and 
I  consider  it  a  great  honor  for  the  American  Ceramic  Society 
to  be  the  medium  of  presentation  to  the  world  of  the  first 
authentic  information  of  this  character.  As  far  as  discuss- 
ing the  paper  on  its  merits  is  concerned,  I  am  entirely 
unable  to  do  so. 

It  occurs  to  me  to  ask  Mr.  Watts  to  describe  to  the 
society  the  way  an  electric  current  acts  on  arcing  around  an 
obstruction  or  insulation.  Can  you  show  us  just  how  that 
occurs  ? 

Mr.  Watts:  (Makes  illustration  on  blackboard).  Those 
of  you  who  have  had  experience  with  any  kind  of  electrical 
work  know  that  when  a  current  reaches  a  certain  tension, 
the  tendency  is  to  complete  the  circuit,  no  matter  what  the 
distance.  Blectrical  engineers  have  determined  the  actual 
voltage  necessary  to  jump  a  certain  distance  of  air ;  and  as 
I  stated  in  my  paper,  about  five  inches  of  air  space  will  be 
arced  through,  or  crossed  by  the  current  at  a  voltage  of 
56,000 ;  and  in  order  to  puncture  the  insulator,  you  must 
have  an  insulating  material  extending  beyond  that  distance 
or  make  the  insulation  less  perfect.  That  is  the  reason  so 
many  of  my  tiles  could  not  be  punctured.  I  hoped  that  I 
had  made  them  so  thin  that  the  resistance  of  the  porcelain 
would  not  be  equal  to  the  pressure  of  fifty  thousand  volts,  but 
I  was  mistaken. 

The  modern  high-voltage  electrical  insulator  is  made 
with  two  or  three  bonnets  or  petticoats,  surrounding 
a  central  hole  in  which  the  plug  is  attached,  by  which  it  is 
fastened  to  the  pole.  The  electricity  passing  on  the  wire,  in 
its  effort  to  get  to  the  pole,  if  it  were  not  for  these  aprons, 
would  have  sufficient  power  to  arc  through  the  air  to  the 
pole,  at  say  thirty  thousand  volts.  But  by  the  use  of 
these  large  aprons,  it  must  traverse  a  much  longer  distance. 
That  is  the  feature  of  the  bell  or  petticoat  insulator.  The 
arcing  consists  of  the  electricity  being  transported  across  an 
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open  space.  In  this  case,  it  will  follow  the  surface  of  a  non-con- 
dnctor  rather  than  arc  through  the  air.  It  almost  invariably 
does  this,  and  that  is  the  reason  why  the  bell  insulator  has 
such  greatly  extended  surfaces.  Does  that  answer  your 
question,  Professor? 

Professor  Orion :  Yes,  I  think  so.  I  would  like  to  ask 
what  is  the  relation  between  these  bodies  you  have  been 
exploiting  here,  and  the  general  types  of  bodies  in  use  in  the 
electrical  porcelain  business.  Have  electrical  porcelain 
manufacturers  developed  anything  like  a  type  for  electrical 
porcelain,  so  far,  or  is  each  working  for  himself  and  keeping 
quiet  ? 

Mr.  Watts:  Any  man  having  a  porcelain  insulator 
standing  fifteen  or  sixteen  thousand  volts  feels  that  he  has  a 
gold  mine,  and  will  not  let  any  information  concerning  it  get 
out.  Manufacturers  having  a  material  standing  over  that 
voltage  have  taken  the  greatest  pains  to  prevent  the  compo- 
sition of  the  body  being  known.  I  know  of  several  in- 
stances where  they  have  gone  to  ridiculous  extremes  to  keep 
the  matter  secret.  The  bodies  of  high  resisting  porcelains 
in  use  in  the  United  States,  so  far  as  I  am  familiar  with 
them,  use  potash  almost  exclusively  as  the  flux.  Some 
few  may  contain  a  small  quantity  of  lime.  The  tests  I 
have  made  strengthen  my  belief,  that  a  potash-lime  porcelain 
is  better  able  to  endure  strains  than  pure  potash  porcelain. 
You  must  understand  that  insulators  are  required  to  carry 
an  immense  strain,  because  high  tension  currents  are  carried 
on  very  large  heavy  copper  wires,  and  the  blowing  of  the 
wind  on  this  wire  frequently  breaks  the  head  of  a  large 
insulator  short  off. 

Professor  Orion :  Do  you  know  whether  a  red  burning 
day  of  fine  vitrifying  qualities  has  ever  been  used  for  insul- 
ation? 

Mr.  Watts:  I  know  of  one  instance  where  a  buff-red 
day  has  been  used  successfully.  But  as  far  as  I  know, 
it  did  not  stand  a  test  of  more  than  about  80,000  volts, 
while  the  porcelain  which  I  made  for  this  same  party 
stood  a  test  of  120,000.  I  do  not  believe  a  red  burning 
body  would  stand  as  severe  a  test  as  the  white  or  true 
porcelain. 
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Professor  Orton:  Does  the  presence  of  iron  in  the 
porcelain  form  the  weak  spot?  Would  the  electric  current 
break  through  a  ferrous  or  ferric  silicate  easier  than  through 
a  potash  silicate  ? 

Mr.  Watts :  I  cannot  say.  But  I  know  that  any  ten- 
dency to  small  cavities  in  the  porcelain  weakens  it  remark- 
ably in  resisting  strains.  It  must  be  thoroughly  vitrified  so 
that  moisture  cannot  penetrate  it.  If  the  moisture  penetrates 
it,  it  decreases  its  resistance  very  fast.  Dr.  Zimmer  cited  a 
case  last  year  of  a  kaolin  vitrifying  at  a  very  low  tempera- 
ture. I  happened  to  have  some  of  the  same  sort  of  clay 
myselt,  and  I  put  a  piece  of  the  raw  clay  into  the  kiln,  and 
fired  it  to  cone  02  and  it  came  out  magnificently  vitrified.  I 
never  saw  a  piece  of  porcelain  break  with  a  more  conchoidal 
fracture,  yet  it  was  somewhat  ferruginous. 

Professor  Orton:  What  I  want  to  know  is  whether  a 
body  of  that  kind  would  have  a  high  insulating  character? 

Mr.  Waits :  That  I  do  not  know.  I  do  not  believe  from 
what  I  have  seen  that  the  presence  of  iron  had  any  deteri- 
orating effect  on  the  body  used.  I  know  of  a  number  of  clays 
being  used  in  electrical  insulating  bodies,  which  have  quite 
noticeable  iron  specks  in  them ;  and  while  these  are  not 
segregated  and  are  evenly  distributed,  at  the  same  time  there 
is  no  indication  of  a  deterioration  of  the  product,  owing  to  their 
presence,  unless  there  is  a  big  bubble  or  cavity  of  some  sort 
formed  by  them. 

Mr.  E.  C.  Stover:  Year  before  last,  when  we  were  at  the 
power  plant  at  Niagara  Falls,  I  got  hold  of  the  head 
electrician  there  and  asked  him  some  questions  along  this 
line,  as  regards  the  different  make-up  of  porcelain  insulators 
and  their  relative  resistance  to  electrical  current,  and  his 
reply  was  that  it  was  a  case  of  mechanical  strength  rather 
than  a  case  of  chemical  constitution.  He  claimed  that 
perfect  glass  would  make  a  thoroughly  good  insulator,  but  it 
was  not  used,  because  it  was  not  so  strong  as  a  good  solid 
porcelain.  And  I  think  some  of  the  tests  given  there  show 
that  point  quite  clearly,  as  regards  mechanical  strength. 
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H.  A.  WHEELER,  E.  M.,  St.  Louis,  Mo. 

In  the  use  of  lead  in  raw  glazes,  fritts,  or  glasses,  for 
obtaining  low  fusing  points,  or  soft  enamels,  or  a  highly 
vitreous  lustre,  the  usual  compounds  employed  are  the 
oxides,  litharge  (PbO)  and  minium  or  red  lead  (Pbs04), 
or  the  carbo-hydrate,  white  lead  (2  PbCOg,  Pb  (H0)2),  which 
are  all  artificial  products.  When  obtained  from  reputable 
dealers  they  are  usually  reasonably  pure,  the  impurities* 
seldom  exceeding  three  per  cent,  and  often  less  than  one  per 
cent 

They  generally  come  fine  enough  for  immediate  use,  with- 
out further  grinding,  and  they  can  be  used  direct  for  either  raw 
or  fritted  glazes.  But  they  are  liable  to  cause  lead  poisoning 
if  there  is  a  lack  of  cleanliness  in  their  use,  and  they  are 
expensive,  costing  from  five  to  ten  cents  per  pound,  according 
to  the  quality,  quantity  and  market. 

The  natural  ores  of  lead  frequently  occur  sufficiently 
pure  that  they  can  be  successfully  substituted  for  these 
manufactured  compounds  in  most  of  the  requirements  of 
ceramics,  while  two  them,  the  sulphate  or  anglesite  and  the 
sulphide  or  galena,  are  free  from  poisonous  eflFects,  which 
alone  should  cause  them  to  be  used  wherever  it  is  possible, 
in  preference  to  the  manufactured  compounds.  These  ores, 
or  natural  compounds  of  lead,  are : 

CerussiUj  or  •*  lead  dry-bone,"  or  the  carbonate  of  lead. 

AngUsiiey  or  "  hard  carbonates,"  or  the  sulphate  of  lead. 

GaUniUy  or  galena,  or  "  mineral,"  or  the  sulphide  of  lead. 

There  are  other  lead  minerals  that  can  be  found  in 
museum  collections,  but  they  occur  in  too  small  quantities 
and  are  too  scarce  to  interest  the  ceramist. 


*  The  dry  white  lead,  not  grouDd  In  oil,  1b  of  oonrse  alluded  to.    It  Is  far 

ton  apt  to    be  adulterated  with  baryta,  as  often  occurs  In  the  oU-ground 

produot^ 
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The  carbonate,  or  cerussite  (PbCOg),  contains  83.5  per 
cent.  PbO  or  oxide  of  lead  (or  the  active  fluxing  constituent 
in  all  natural  or  artificial  lead  compounds)  when  pure,  and  it 
can  be  used  raw  or  in  fritts  or  fused  glazes  direct  without 
further  preparation  than  grinding.  It  is  a  soft  white, 
grayish  or  brownish  colored  mineral,  that  has  a  non-metallic 
lustre,  and  is  very  friable  or  easily  ground.  It  is  found  in 
very  large  quantities  in  many  mines  in  the  Far  West,  andy 
like  the  sulphate  or  anglesite,  is  found  in  the  upper  portions 
of  the  mine,  but  never  in  depth  or  below  the  water-level, 
where  the  lead  always  changes  to  the  sulphide  or  galenite. 
Notable  occurrences  are  found  in  Leadville  and  in  Chaffee 
county, Colorado,  at  Bingham  and  Tintic,Utah,  and  at  Eureka, 
Nevada.  In  the  Mississippi  Valley  lead  districts  of 
Missouri,  Iowa  and  Illinois,  this  carbonate  ore  is  only  found 
in  small  amounts,  though  occasionally  in  ample  quantities 
to  meet  the  requirements  of  the  ceramist. 

As  found  in  nature,  carbonate  ore  is  usually  so  mixed 
with  the  brown  oxide  of  iron  (limonite)  and  sometimes 
clay  and  other  silicates,  as  to  be  valueless  in  ceramics ;  but 
pockets  of  many  tons  occasionally  occur  of  a  white  to  light 
gray  color,  that  carry  less  than  5  per  cent,  of  impurities, 
and  hence,  could  be  substituted  for  the  more  expensive 
manufactured  compounds  in  many  cases.  Like  the  artificial 
carbonate  and  oxides  of  lead,  cerussite  is  poisonous  if  taken 
internally,  or  absorbed  through  the  skin,  if  lead  poisoning  is 
possible  by  such  means,  which  will  be  taken  up  later. 

The  sulphate  or  anglesite  (PbS04)  contains  when  pure 
73.6  per  cent  of  oxide  of  leid,  and  it  can  be  used 
direct  in  raw  or  fused  glazes  after  grinding.  It  is  a  soft 
white  to  dirty  gray  colored  mineral  that  has  a  non-metallic  or 
earthy  lustre,  is  usually  very  compact  and  heavy,  but  grinds 
readily.  It  is  found  quite  abundantly  in  the  far  West,  often 
in  the  same  mine  with  the  carbonate;  Aspen  and  Eagle 
River,  Colorado,  and  Frisco,  Utah,  have  produced  large 
quantities.  The  Mississippi  Valley  lead  districts  only 
produce  it  in  trifling  amounts,  usually  as  a  dirty  gray 
exterior  or  shell  on  the  galena  or  sulphide. 
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The  sulphate  is  less  apt  to  be  contaminated  with  iron  and 
other  impurities  than  the  carbonate,  and  by  careful  hand  pick- 
ing one  would  frequently  be  able  to  sort  out  several  tons  in 
many  of  the  mines,  that  would  have  less  than  5  per  cent,  of  im- 
purities. The  dirty,  dark  color  that  it  frequently  has  would 
suggest  gross  impurities,  but  the  latter  will  often  be  found  to 
aggregate  less  than  3  per  cent,  in  very  unattractive  looking 
material.  In  the  writer's  opinion,  the  sulphate  of  lead 
is  not  poisonous,  which  makes  this  salt  a  very  desirable 
form  to  use,  whether  the  natural  or  artificial  sulphate 
is  employed. 

Galenite  or  galena  or  the  sulphide  of  lead  (PbS) 
contains  86. 6  per  cent.  Pb  of  metallic  lead  when  pure,  or 
95.3  per  cent.  PbO  or  oxide  of  lead  when  the  sulphur  (S) 
has  been  driven  off  in  an  oxidizing  atmosphere  such 
as  is  almost  invariably  used  in  ceramics.  Before  the 
lead  oxide  in  galenite  or  the  sulphide  of  lead  is  available, 
it  is  necessary  to  roast  and  drive  off  the  sulphur  with 
which  it  is  combined,  which  is  accomplished  by  heating  it  to 
a  red  heat  with  an  excess  of  air.  As  this  is  the  condition 
of  about  all  kilns  or  muffles  when  being  heated,  the  galena 
or  sulphide  can  be  used  direct  in  raw  glazes,  as  the  sulphur 
will  roast  and  be  driven  off  by  the  time  the  glaze  has  melted. 
But  in  fritting  or  fusing  in  crucibles,  where  the  air  is  more 
or  less  completely  shut  off,  galena  or  the  sulphide  can  not  be 
used,  as  most  of  it  will  melt  and  settle  to  the  bottom  as  a 
matte  in  a  raw  or  uncombined  condition,  since  the  silicic, 
boracic  or  phosphoric  acids  that  all  glazes  depend  on  to  make 
them  fusible,  are  not  able  to  decompose  the  sulphide  of  lead, 
and,  therefore,  the  sulphur  is  not  expelled.  Where  it  is 
possible  to  use  such  oxidants  as  potash  or  soda  nitre  in  the 
charge,  the  sulphur  is  expelled  or  else  converted  into  the 
harmless  SO  2  condition,  and  this  valuable  lead  salt  can  then 
be  employed  for  fused  glazes,  as  all  the  lead  is  then  rendered 
available.   * 


•  If  nitre  Is  used  to  drive  off  the  salphor  In  galena,  care  mast  be  exercised 
to  not  heat  the  charge  too  rapidly,  least  the  oombnstlon  of  the  snlphnr  oaoses 
saeh  a  rapid  evolution  ef  SO,  or  BO,  gases  as  to  resolt  In  the  charge  boiling 
over. 

l«Cer 
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Galena  or  galenite  is  a  bluish-gray,  metallic,  very  heavy 
mineral  that  is  very  brittle  and  quite  soft.  It  occurs  very 
abundantly  in  most  of  the  mining  districts  of  the  far  West, 
where  it  is  usually  far  more  valuable  for  its  silver  than  its 
lead,  as  it  may  contain  from  20  to  500  ounces  of  silver 
per  ton,  which  is  true  of  all  western  lead  ores,  whether 
sulphide,  sulphate  or  carbonate.  In  the  Mississippi  Valley 
it  is  free  from  silver,  while  it  usually  occurs  purer  than  in 
the  far  West,  and  it  is  very  abundant,  from  the  ceramic  stand- 
point, in  southeastern,  central  and  southwestern  Missouri, 
northwestern  Illinois,  southeastern  Wisconsin,  and  north- 
eastern Iowa.  Excepting  in  southeastern  Missouri,  the  galena 
is  usually  associated  more  or  less  intimately  with  zinc  and 
iron  minerals,  that  would  gravely  interfere  with  its  ceramic 
value. 

In  the  southeastern  Missouri  district,  of  which  St.  Louis 
is  the  outlet,  the  lead  occurs  in  two  radically  different  forms  ot 
types  of  deposits,  known  as  the  ''disseminated''  and 
"  surface  "  mineral.  The  "  disseminated  "  type  of  galena 
deposits  occurs  notably  in  St.  Francois  county,  where  the 
lead  is  found  as  a  very  low  grade  ore  finely  scattered  or  dis- 
seminated in  a  magnesian  limestone.  This  is  crushed  and 
concentrated  by  water  in  mills  to  a  product  that  will  assay 
from  60  to  75  per  cent,  lead,  the  practice  varying  at  the 
different  mills,  so  that  there  are  still  12  to  20  per  cent,  of 
impurities,  which  is  mainly  fine  magnesian  limestone  of 
quite  uniform  character.  There  is  a  product  that  comes 
from  the  setting  boxes  of  the  slime  machines  in  the  concen- 
tration mills  that  is  in  a  very  fine  condition,  and  which  in 
some  of  the  mills  will  assay  76  to  78  per  cent,  of  lead, 
and  which  would  be  the  most  attractive  material  for  the 
ceramist  from  this  district. 

The  "  surface  "  type  of  galena  is  mainly  found  in  Wash- 
ington and  Jefferson  counties,  and  Palmer  and  Potosi  are  the 
principal  producing  points.  This  surface  or  ''  block-min- 
eral "  consists  of  large  cubes  and  chunks  of  galena  that 
are  found  in  the  ferruginous  or  red  surface  clays,  and  which 
after  a  limited  amount  of  picking  with  a  cleaning  hammer » 
or  washing  with  a  hose  or  water-bucket,  will  assay  80  to  8$ 
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per  cent,  in  lead,  or  contain  only  3  to  8  per  cent,  of  impuri- 
ties. By  specifying  a  specially  selected  or  extra  clean  mineral 
free  from  clay,  carload  lots  of  this  coarse,  lump  galena  can  be 
secured  that  will  assay  84  to  86. 6  per  cent,  lead,  or  contain 
only  1  ^  to  3  per  cent,  of  impurities,  or  pure  enough  for  almost 
every  use  of  the  ceramist.  The  usual  prices  of  the  market 
run  of  this  "  surface  "  galena  vary  from  1140.00  to  1150.00  per 
ton,  while  by  paying  one-half  cent,  a  pound  extra,  the  very 
pure  extra  clean  mineral  that  assays  about  85  per  cent,  lead 
can  be  secured  at,  say  three  cents  per  pound,  which  is  the 
richest  lead  compound  on  the  market,  excepting  the  two 
oxides  minium  and  red  lead,  and  by  far  the  cheapest. 

The  galena  or  sulphide  of  lead  is  not  poisonous  from 
absorption  through  the  skin  and  probably  is  not,  when  taken 
internally.  The  writer  has  strong  doubts  whether  the 
lead  poisoning,  so  frequently  found  among  painters,  lead- 
glaze  dippers,  lead  smelters,  etc.,  is  ever  due  to  absorption 
through  the  skin.  For  while  the  hands  of  this  class  of  work- 
men are  frequently  more  or  less  covered  with  oxide  or 
carbonate  compounds  of  lead,  which  would  permit  of  its 
ready  absorption  through  the  pores,  an  intimate  acquain- 
tance with  lead  workers,  leads  the  writer  to  believe  that  the 
lead  is  introduced  into  the  human  system  by  the  food  and 
tobacco  that  is  handled  by  these  same  lead-befouled  hands. 
It  is  a  most  painful  fact  that  familiarity  causes  such  men 
to  become  very  careless  and  indifferent  to  the  evils  of  lead 
poisoning,  so  that  a  man  will  sit  down  and  eat  his  lunch 
without  taking  the  trouble  to  first  wash  his  hands,  although 
they  may  be  grimy  with  lead.  The  constant  handling  of 
tobacco,  also,  without  any  effort  to  protect  the  surtace  from 
contamination  is  a  prolific  source  of  trouble.  Even  where 
the  wash  basin  is  freely  used,  the  dirt  under  the  finger  nails 
is  seldom  carefully  attended  to,  and  while  this  source  of  pois- 
oning the  food  does  not  operate  so  rapidly  as  the  unwashed 
hand,  it  is  always  loaded,  and  slowly  but  surely  gets  in  its 
disastrous  cumulative  work.  It  is  especially  this  source  of 
contamination  that  causes  the  writer  to  doubt  the  poisonous 
character  of  galenite  when  taken  internally,  since  his  experi- 
ence with  many  hundreds  of  workers  in  the  lead  mines  and 
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concentration  mills  has  failed  to  show  any  poisonous  results. 
Yet,  as  soon  as  this  sulphide  is  converted  more  or  less 
freely  into  carbonate  and  oxide  in  the  roasting  and  smelting 
furnaces,  lead  poisoning  becomes  extremely  common  among 
the  same  class  of  men,  although  the  lead  miners  are 
even  more  careless  than  the  lead  smelters  about  washing 
their  hands  before  eating.  It  would  therefore  seem  that  the 
lead  mine  workers  probably  take  considerable  more  lead  into 
their  system  in  the  course  of  a  year  than  the  lead  smelters ; 
but  as  it  is  in  the  form  of  galenite  or  the  sulphide,  which  is 
insoluble,  and  as  the  gastric  juices  seem  to  have.no  effect  on 
it,  it  seems  to  pass  through  the  system  and  is  promptly 
thrown  off  without  producing  any  poisonous  effects,  or  accu- 
mulating in  the  manner  which  makes  the  oxide  and  carbon- 
ate forms  of  lead  so  dangerous. 

The  writer  further  believes  that  the  sulphate  of  lead, 
whether  natural  or  artificial,  is  as  free  from  poisonous  action 
as  the  sulphide,  as  it  is  a  salt  of  even  greater  insolubility ; 
but  his  personal  experience  is  not  so  extensive  with 
this  salt  of  lead.  The  writer  is  well  aware  of  many 
lead  mines  in  the  far  West  that  are  most  disastrous 
on  the  health  of  the  miners,  from  the  different  forms  of  lead 
poisoning  that  result  from  working  in  them.  In  one  case  in 
Utah,  from  four  to  six  weeks  was  as  long  as  a  man  could 
withstand  it,  before  being  returned  to  the  hospital.  While 
in  some  of  these  cases,  the  sulphate  or  anglesite  ore  occurred, 
the  writer  always  found  it  freely  associated  with  the  cerussite 
or  carbonate,  and,  in  the  very  dangerous  mines,  it  was 
always  the  carbonate  form.  As  these  oxidized  forms  of  lead 
ores  are  only  found  in  dry  mines,  the  severely  poisonous 
character  of  such  mines  is  usually  due  to  the  lead 
dust  that  floats  in  the  mine  atmosphere,  resulting  from  the 
blasting,  especially  as  lead  ore  is  a  favorite  tamping  for  the 
blast  holes. 

The  writer  warmly  commends  the  sulphide  or  sulphate 
compounds  of  lead  to  the  ceramist  to  avoid  the  evils  of  lead 
poisoning,  and  as  the  sulphate  will  be  found  preferable,  if  not 
essential,  in  all  crucible  work^  the  artificial  sulphate 
should  be  used  if  a  satisfactory  quality  of  the  natural  cannot 
be  procured. 
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DISCUSSION. 

Mr.  Hensel:  We  are  aware  that  American  factories  are 
consamins;  vast  amounts  of  raw  lead  glazes,  and  it  seems  to 
me  it  would  be  of  interest  to  discuss  this  question.  In 
Germany,  dealers  in  ceramic  materials  advertise  that  they 
have  lead  ores  of  high  grade  for  sale  which  are  reliable. 
We  have  nothing  of  that  kind  in  America,  and  in  buying  lead 
ore  for  ceramic  purposes  we  have,  to  take  the  chance  of 
getting  a  good  grade.  That  is  a  great  drawback.  It  seems  to 
me  that  if  those  owning  lead  mines  and  putting  the  ore  on  the 
market  would  take  some  pains  to  learn  what  we  need,  and  to 
supply  a  strictly  uniform  article,  they  could  easily  build  up  a 
very  satisfactory  branch  of  trade  which  is  now  entirely  over- 
looked. 

Professor  Orton:  I  do  not  know  whether  Professor 
Wheeler  is  prepared  to  prove  his  statements  or  not,  as  to  the 
non-poisonous  quality  of  galena.  If  it  can  be  proven  by  a 
collection  of  medical  testimony^  or  by  any  other  means  such 
as  doctors  employ  to  find  out  such  facts,  it  would  be  a 
valuable  thing  to  know.  And  further,  if  we  should  use  the 
sulphide  of  lead,  as  Professor  Wheeler  suggests,  as  a  glaze 
ingredient,  we  would  only  be  going  back  to  the  original 
practice  of  the  English  potter.  The  poisonous  character  of 
lead  glazed  ware  in  the  beginning  was  due  to  the  fact 
that  the  potter  supplied  no  silica  or  alumina  with  the  lead, 
which  took  up  from  the  body  itself  enough  to  more  or  less 
completely  satisfy  its  needs.  Now,  you  can  readily  appre- 
ciate the  fact  that  where  the  potter  dusted  powdered 
galena  on  a  freshly  thrown  piece  with  his  hands,  he  would 
get  it  very  uneven,  thick  in  some  places  and  thin  elsewhere. 
Where  the  glaze  was  thick,  it  was  basic,  and  where  it  was 
thin,  it  satisfied  itself  with  silica  and  alumina  from  the 
body.  So  those  old  English  crocks  were  sometimes  safe,  and 
sometimes  they  were  not.  In  consequence,  all  lead- glazed 
crockery  came  into  very  ill  odor  in  England.  But  the  ease 
with  which  glazes  can  be  made  with  lead  has  caused  potters 
to  resist  all  attempts  to  down  it  by  legislation  in  England 
and  elsewhere,  and  it  is  still  used  and  likely  to  be  used. 
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The  question  is,  cannot  this  suggestion  of  Professor 
Wheeler  find  a  proper  reception  among  individuals  using 
lead  glazes  for  the  cheaper  line  of  products — architectural 
products,  glazed  brick,  the  lower  grades  of  floor  or  wall  tiles, 
such  as  are  used  in  foreign  countries  on  a  large  scale,  roofing 
tiles,  &c.  Why  could  not  these  industries  use  galena,  and 
obtain  a  glaze  which  would  be  good  enough  for  their  purposes? 
It  is  not  necessary  that  a  crude  architectural .  product  have  a 
glaze  as  fine  as  dishware,  which  is  to  be  scrutinized  at  close 
range. 

Mr.  Hensel:  Galena  gives  us  as  good  a  glaze  as  any 
other  form  for  such  wares  as  roofing  tile. 

Professor  Orton:  I  never  saw  it  tried,  but  I  am  glad  to 
hear  Mr.  Hensel  say  that.  I  suppose  the  only  objection 
would  be  the  sulphur,  but  if  that  were  properly  roasted  out, 
there  is  no  reason  why  the  lead  oxide  remaining  is  not  as 
good  as  if  introduced  from  any  other  source. 
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BY 

STANLEY  G.  BURT,  Cincinnati,  O. 

The  main  object  of  tbis  paper  is  to  determine  whether 
any  stannic  oxide  is  soluble  in  a  glaze  and  not  to  discnss  tin 
enamels  in  general,  as  might  be  supposed.  It  is  customary 
among  potters  to  consider  tin  oxide  as  wholly  insoluble  in  a 
glaze.  The  glaze  in  its  fused  state  is  thought  to  be  unable  to 
dissolve  the  tin  at  all,  the  particles  merely  floating  in  it,  or 
as  we  say,  being  held  in  suspension. 

It  may  possibly  not  be  strictly  correct  to  speak  of  a 
glaze  formhig  a  solution,  since  we  fotm  solutions  of  solids  or 
gases  by  dissolving  them  in  a  liquid,  so  a  glaze  which  when 
cooled  is  a  solid,  could  not  form  a  solution.  However,  right 
or  wrong,  it  is  the  constant  practice  to  speak  of  a  substance 
as  soluble  or  not  in  a  glaze,  by  which  we  mean  that  on 
adding  this  substance  to  our  glaze,  we  either  have  a  clear 
transparent  glaze  or  else  we  have  the  substance  undissolved, 
held  in  suspension,  and  an  opaque  glaze  or  enamel  resulting. 

This  being  understood,  it  will  be  plain  that  our  ability 
to  make  a  tin  enamel  must  rest  upon  its  insolubility  in  the 
glaze  flux.  Now  the  points  to  be  considered  in  this  paper 
aiejjlrstj  is  it  completely  insoluble,  and  second,  is  it  insoluble 
as  the  dioxide,  or  does  it  undergo  some  chemical  change  ? 

In  these  days  we  can  no  longer  speak  freely  of  substances 
as  insoluble  or  infusible.  Flint  and  carbon  are  now  fused, 
and  German  chemists  make  elaborate  analyses  of  the 
amount  of  glass  dissolved  by  water.  So  it  seemed  quite 
possible  that  a  certain  percent  of  tin  oxide  might  be  soluble 
in  a  glaze. 

If  we  turn  to  the  subject  of  tin  in  our  chemistries,  we 
find  that  stannic  oxide  is  infusible  and  insoluble  in  acids  and 
alkalies,    but  when  fused  with  sodium  hydrate  it  yields  a 

18» 
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stannatey  soluble  in  water.  Tin  is  one  of  the  intermediate 
elements  that  act  as  acids  toward  strong  bases,  and  as  bases 
to  strong  acids,  so  we  have  sodium  stannate,  and  stannic 
chloride.  Careful  research  through  such  works  as  were  at 
my  command,  failed  to  throw  any  light  on  the  subject  of  this 
paper. 

It  is  quite  obvious  that  the  first  thing  to  investigate  is 
whether  this  tin  oxide  was  absolutely  inert  in  ceramic  fluxes. 
That  is»  whether  some  chemical  change  takes  place  in  the 
oxide  when  fused  in  a  ceramic  flux,  even  though  it  be 
insoluble  in  its  changed  form. 

A  word  in  explanation  of  what  I  mean  by  a  ceramic  flux. 
In  these,  I  include  glazes  and  their  low  fusing  ingredients 
considered  separately,  and  exclude  such  fluxes  as  are  not 
ordinarily  used  in  ceramics.  We  know,  for  instance,  that  the 
oxide  of  tin  fused  with  sodium  hydroxide  yields  a  soluble 
salt,  but  sodium  hydrate  is  not  used  by  potters,  and  hence  is 
not  a  ceramic  flux. 

Before  testing  the  oxide  in  actual  glazes,  I  made  a  few 
tests,  trying  first  boracic  acid  calcined  and  uncalcined.  As 
there  was  no  alkali  in  this,  there  was  no  chance  of  forming  a 
stannate,  and  so  far  as  my  knowledge  goes,  we  have  yet  to 
form  a  tin  borate.  Still,  I  was  anxious  to  see  whether  there 
could  be  any  action  at  all,  and  was  rewarded  by  an  interest- 
ing result.  I  took  first  the  flaky  boracic  acid,  which  in 
heating,  melts  in  its  water  of  crystalization,  boils  and  gradu- 
ually  loses  this  water,  requiring  a  high  temperature  to  do  so 
completely,  and  finally  leaving  as  a  result,  a  fine  clear  glass. 
The  formula  for  this  acid  is  BjOgi  3  H2O.  With  the  water 
driven  oflF  in  calcining,  we  have  left  the  BgOs.  Now,  to 
1.  Eq.  of  the  flaky  acid,  I  added  0.004  equivalents  Sn02. 
The  fusion  takes  place  as  before,  but  the  result  is  a  fine 
white  enamel.  The  interesting  point  is  that  I  believe  the 
stannic  oxide  has  undergone  a  chemical  change,  for  while 
the  regular  oxide  is  so  completely  insoluble,  this  enamel 
that  I  got  was  soluble  in  HCl,  from  which  solution  the  Sn 
was  precipitated  as  the  orange  sulphide  with  sulphuretted 
hydrogen.  We  had  BaOs,  3  H^O  and  added  Sn02-  Is  it 
possible  that  stannic  acid  (HjSnOs)  is  formed  ?    It  is  hardl}' 
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possible  that  the  acid  could  exist  at  a  high  heat  without 
dissociation.  The  water  of  crystallization  is»  however,  a 
necessary  part  of  the  reaction,  for  on  testing,  the  calcined 
boracic  acid  was  unable  to  show  any  action  on  the  oxide  at 
all. 

In  repeating  my  experiments,  to  test  my  results,  I  found 
some  difficulty  in  reproducing  this  reaction  with  the  flaky 
acid,  and  as  my  time  was  too  limited  to  determine  the  cause 
of  error,  I  would  not  give  this  test  here  at  all,  except  for  the 
possible  light  it  may  throw  on  the  different  appearance  of 
the  two  enamels.  That  is,  on  contrasting  the  enamel 
formed  from  the  calcined  acid  with  that  from  the  non-cal- 
cined, we  find  that  in  the  former  the  actual  particles  can  be 
noticed  in  suspension,  while  in  the  latter  they  are  altogether 
too  fine  to  be  distinguished.  It  has,  in  fact,  quite  the  look 
of  a  precipitate. 

Borax  was  next  tried.  Here  we  introduce  sodium  into 
our  equation.  The  borax  on  fusing  acts  much  the  same  as 
the  boric  acid ;  that  is,  it  melts,  gives  off  its  water  of  crys- 
tallization, the  result  being  finally  the  well  known  clear 
bright  glass.  On  adding  the  stannic  oxide  to  it,  however, 
the  action  is  entirely  different.  In  the  first  place,  I  was 
unable  to  produce  the  voluminous  white  enamel  produced 
with  the  flaky  acid,  but  on  the  other  hand  I  was  here  able  to 
produce  a  perfectly  clear  solution  of  the  tin  in  the  borax. 
We  have  in  borax  Na^O,  2  (BaOg),  10  HaO.  To  this  we  add 
SnOs-  I  would  like  to  have  shown  the  same  effect  from  the 
water  of  crystallization  as  shown  with  the  acid,  but  there  is 
less  actual  boiling,  if  I  may  so  call  it,  and  the  swelling 
of  the  borax  gives  less  chance  for  action  on  the  tin  in  that 
state.  What  we  do  form  here  seems  to  be  the  sodium 
stannate,  Naj  SnOg  -f  2  (BjOg)  +  10  HjO,  which  gives  a  clear 
solution.  Naturally,  if  too  much  tin  is  taken,  the  flux  will 
be  unable  to  dissolve  it  all»  and  the  excess  will  be  merely 
held  in  suspension,  and  an  enamel  will  result.  I  was  able  to 
dissolve  0.0129  Eq.  SnOj  in  1.  Eq.  of  Borax.  This  is  of 
course  far  below  what  the  formula  calls  for,  but  the  action  is 
very  slow,  and  a  prolonged  fusion  would  be  necessary  to 
determine  just  how  much  could  be  dissolved. 
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I  * 

Calcined  borax  acted  equally  well,  showing  that  the 
water  of  crystallization  is  not  a  factor  in  this  reaction.  I 
feel  justified  in  assuming  the  formation  of  NasSnOg  here, 
for  if  there  was  any  chance  of  a  tin  borate  being  formed,  that 
would  occur  with  the  boracic  acid. 

Here  we  have  a  clear  case  of  the  complete  solution  of  a 
certain  per  cent  of  the  stannic  di-oxide  in  a  ceramic  flux. 
That  isy  in  this  flux,  we  have  converted  it  to  a  stannate 
which  was  soluble. 

Those  of  us  familiar  with  color-making  know  that  in 
certain  receipts  for  the  tin-chromium-pink  color,  borax 
plays  a  leading  part ;  that  is,  its  action  on  the  tin  enables  us 
to  form  the  color.  I  have  here  a  sample  of  borax  and 
tin,  fired  together  without  any  chromium,  in  which  you  see 
the  distinct  formation  of  a  lilac  color. 

We  know  that  by  fusing  the  tin  oxide  with  NaOH,  we 
have  a  ready  means  of  forming  the  sodium  stannate.  While, 
as  before  stated,  NaOH  is  not  a  ceramic  flux,  NasCOg  is,  so 
it  seemed  of  interest  to  determine  what  its  action  would  be. 
When  fused  alone,  NaaCOg  will  not  give  a  clear  glass  on 
cooling,  so  it  is  impossible  to  see  in  what  form  the  tin  fused 
in  it  is  present.  The  mass  resulting  from  this  fusion  is  only 
partially  soluble  in  water.  In  this  solution  I  could  find  no 
tin,  but  the  total  mass  was  soluble  in  HCl.  In  just  what 
form  the  tin  is  present  here,  is  hard  to  say.  Its  not  being 
soluble  in  water  would  indicate  that  it  was  not  the  stannate. 
What  is  plain,  however,  is  that  we  have  here  another  ceramic 
flux  which  acts  directly  on  the  tin  oxide. 

As  a  final  preliminary  test,  I  added  SiOa  to  the  NajCOg 
until  all  effervescence  ceased,  forming  thereby,  sodium 
silicate.  Now,  to  this  I  added  tin  oxide,  aiming  to  determine 
thereby  whether  this  silicate  would  have  any  action  on  the 
tin.  I  found  that  the  action  there  was  practically  the 
same  as  with  the  carbonate  —  partial  solution  in  water, 
complete  solution  in  HCl.  The  tin  easily  precipitated  as 
orange  sulphide  with  sulphuretted  hydrogen.  This  is  a 
most  important  test.  All  glazes  are  silicates.  Therefore,  if 
in  a  silicate  there  was  no  direct  action  on  the  oxide,  this 
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investigation  would  necessarily  be  much  more  complicated. 
We  would  very  possibly  be  ruled  out  of  court  as  having  no 


We  would  have  to  show  that  the  tin  went  into  an  early 
combination^  and  in  that  way  was  soluble  in  the  silicate 
flux.  Failing  in  this,  a  careful  investigation  of  various 
silicates  would  be  necessary,  a  long  and  difficult  problem. 
Fortunately,  this  is  not  necessary,  as  this  test  shows 
that  the  oxide  of  tin  is  not  an  inert  substance  in  a  silicate 
flux,  and  further  we  have  shown  that  in  the  presence  of 
borax,  it  may  go  into  a  complete  solution.  My  next  tests 
show  that  even  without  borax,  we  may  get  a  complete 
solution. 

I  now  tested  two  regular  glazes  with  the  stannic  oxide. 
The  first,  a  fritted  glaze,  having  1.  equivalent  BjOg,  the 
second,  a  raw  lead  glaze,  having  no  B^Og.  To  these  I  added 
theSn02>  starting  with  0.01  equivalent  and  running  up  to 
0.2S  equivalent  I  have  samples  of  these  with  me,  and 
would  be  glad  to  have  the  members  examine  them.  In  the 
raw  lead  glaze,  the  0.01  equivalent  seems  to  be  completely 
dissolved,  while  with  0.02  we  can  easily  see  a  trace  remain- 
ing. The  0.25  equivalent  gives  a  complete  enamel.  In  the 
fritted  glaze  cot  only  is  the  0.01  completely  dissolved,  but  as 
far  as  I  can  determine,  0.02  has  also  gone  into  solution.  It  is 
therefore  probable  that  the  average  glazes  dissolve  at  least 
0.01  equivalent  of  tin  oxide. 

The  enamels  formed  by  these  two  glazes  are  quite 
different.  While  the  fritted  glaze  forms  a  fair  enamel  the 
raw  glaze  has  a  curdled  look,  and  the  small  particles  of  tin 
are  easy  distinguishable.  One  of  the  points  I  hoped  to  prove 
in  this  paper,  was  my  belief  that  certainly  some  of  the  tin 
was  first  dissolved  and  then  precipitated  in  a  true  enamel. 
In  speaking  of  the  enamels  from  the  calcined  boracic  acid, 
and  that  from  the  un-calcined,  I  called  attention  to  the  fact 
that  while  the  former  showed  the  particles  in  suspension,  the 
latter  had  the  true  milky  character.  Much  the  same  effect  is 
noticed  in  the  enamels  from  these  two  glazes.  However, 
this  is  merely  theory,  for  which  as  yet  I  have  been  unable  to 
gather  sufficient  proof,  so  I  will  not  dwell  upon  it  further. 
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It  may  be  asked  what  the  direct  practical  value  of  such 
an  investigation  is.  This  question  of  the  solubility  of  tin 
oxide  was  raised  in  a  discussion  of  crystalline  glazes.  We 
know  that  certain  elements  combine  with  silica  to  form 
amorphous  silicates,  which  give  a  clear  glass  or  glaze.  Now 
this  combination  takes  place  at  a  high  heat.  Hot  liquids, 
as  a  rule»  are  able  to  hold  in  solution  a  greater  per  cent,  of 
salt  than  cold  ones,  so  that  we  often  have  a  clear  hot  solution 
from  which  salts  crystallize  out  on  cooling.  The  same 
seems  to  be  true  of  a  glaze.  While  at  its  maximum 
heat)  a  glaze  may  be  clear,  even  if  supersaturated  with  certain 
elements.  On  slow  cooling  these  may  crystallize  out,  forming 
at  times  very  beautiful  results.  We  have  been  able  to  pro- 
duce this  effect  from  a  number  of  elements,  as  for  instance, 
zinc,  iron,  copper,  chromium,  titanium,  but  others  remain  to 
be  investigated.  If  we  are  ever  to  attempt  any  such  result 
from  tin,  we  must  of  course  first  show  that  the  silicate  flux 
has  a  solvent  action  on  the  tin  oxide,  second,  a  proper  super- 
saturated solution  must  be  formed,  and  third,  this  must  be 
tested  with  the  careful  cooling  required  by  other  crystalline 
glazes. 

I  feel  that  the  first  step  has  been  accomplished,  as  it  has 
been  shown  that  a  certain  per  cent,  of  tin  is  soluble  in  a 
glaze.  The  formation  of  a  proper  super-saturated  solution 
should  next  be  tried.  As  the  sodium  stannate  is  shown 
soluble  in  borax,  it  is  possible  that  a  super-saturated  solution 
of  this,  added  to  a  fritt  under  proper  conditions,  might  lead 
to  satisfactory  results. 

DISCUSSION. 

Mr,  Stover:    (Placing  on  the  blackboard  the  following 

formula:) 

.80  CaO    \ 

.86  K,0     V0.6  AI2O,,    4.00  8iO, 

.04  SnO.   j  (At  Cone  12) 


There  is  a  formula  of  a  tin  glaze  which  matures  properly, 
making  a  good  opaque  glaze,  at  cone  12.  The  tin  oxide  in 
this  glaze  figures  out  about  1.5  per  cent. 
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Mr.  J.  W.  Hasburg:  A  paper  involving  such  questions 
in  chemistry  is  not  very  easy  to  discuss  ofi-hand,  but  I  will 
state  some  observations  made  by  me  a  long  time  ago  on  tin 
glazes. 

As  stated  by  Mr.  Burt,  sodium  and  tin  oxides  in  proper 
proportions  form  sodium  stannate,  a  definite  chemical  com- 
I>ound  soluble  in  water.  Boracic  acid  and  tin  oxide  in  any  pro- 
portion does  not  form  a  chemical  compound,  as  all  the  boracic 
acid  can  be  dissolved  out,  leaving  the  tin  oxide  unchanged, 
which  shows  that  no  chemical  union  has  taken  place.  If, 
however,  an  alkali  is  added  to  this  boracic  acid-tin  mixture, 
the  tin  will  be  dissolved  in  proportion  to  the  alkali  added. 

Tin  oxide  is  the  most  difficult  oxide  to  dissolve  in  a 
silicate,  and  when  more  tin  oxide  is  present  than  the  alkali 
will  take  up,  the  mass  becomes  opaque ;  sometimes  it  comes 
from  the  fritt  fire  almost  clear,  and  only  becomes  opaque 
after  reheating. 

On  a  close  examination,  it  will  be  found  to  have  a  crys- 
talline structure.  If  other  bases  having  a  greater  affinity 
for  alkaline  silicate,  or  which  dissolve  more  readily  in  it, 
are  present,  it  will  not  require  so  much  tin  oxide  to  make 
this  silicate  opaque. 

Titanic  oxide  acts  very  much  the  same  as  tin  oxide,  and 
other  bases  will  also  make  opaque  mixtures  if  added  in 
excess,  but  they  may  require  annealing  to  bring  out  the 
opacity  and  cause  crystallization. 

The  opacity  of  tin  glazes  is  due  entirely,  in  my  opinion, 
to  the  tin  being  in  suspension. 

The  amount  of  tin  oxide  in  the  above  formula  is  small 
on  account  of  the  alkaline  silicates  being  saturated  with 
other  bases,  which  combine  with  the  silicates  more  readily 
than  tin  oxide. 

Mr.  Hensel:  Schumacher  states  that  a  lilac  color  like 
that  which  Mr.  Bun  shows  is  very  often  due  to  a  combination 
of  lime,  tin  and  iron.  A  very  small  quantity  of  iron  is  all 
that  is  needed  to  develop  the  color. 
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NOTE  ON  THE  RELATIVE  POINT  OF  DEHYDRATION 
OF  PURE  AND  CALCAREOUS  CLA ¥• 

BY 

WILLIAM  M.  KENNEDY,  Beavbr  Falm,  Pa. 

The  first  experiment  on  this  subject  appearing  in  an 
American  publication,  was  one  performed  by  Mr.  A.  E. 
Barnes.  It  appeared  in  the  "Clay  Worker"  for  June,  1896. 
The  incompleteness  of  Mr.  Barnes'  work  was  due  to  his 
having  used  a  Brown  pyrometer  of  the  expansion  bar  tjrpe, 
the  temperature  limit  of  which  is  about  twelve  hundred 
degrees  Fahrenheit.  The  dehydration  period  is  generally 
construed  to  include,  not  only  the  driving  oflFof  the  combined 
water  from  pure  clay,  but  also  the  expulsion  of  CO2SO2,  etc., 
from  impure  clays,  such  as  calcareous  or  limey  clays,  ferru- 
gineous  clays  and  the  like. 

In  this  experiment  I  have  made  a  comparison  of  two  of 
these  clays,  namely,  pure  clay  and  calcareous  clay. 

I  prepared  two  series  of  brickettes.  The  first  series  was 
made  by  grinding  in  a  ball  mill  3000  grams  of  "Florida 
kaolin,"  running  this  slip  through  a  160  mesh  sieve  and 
drying<n  plaster  moulds.  The  clay  was  then  thoroughly 
wedged  and  kneaded  and  sixty  brickettes  were  made.  The 
brickettes  were  moulded  in  the  form  of  elliptical  discs  with 
rounded  edges,  about  three-eighth  of  an  inch  in  thickness  and 
weighing  in  the  neighborhood  of  thirty  grams  each.  A  one- 
fourth  inch  hole  for  inserting  wire  for  removal  from  the  kiln 
was  made  in  each  brickette,  and  each  was  carefully  stamped 
with  a  number  for  identification.  When  thoroughly  dry, 
the  brickettes  were  carefully  sponged,  and  polished  with  a 
cloth,  to  prevent  loss  in  weight  by  chipping  of  corners  and 
edges  in  handling. 

The  other  batch  of  material  had  the  following  compo- 
sition : 

Florida  Kaolin 70  parts. 

Whiting 80    " 

100  parts. 
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This  material  was  mechanically  treated,  moulded  into 
brickettes,  dried,  marked  and  polished  in  the  same  manner 
as  the  first  batch. 

The  dried  brickettes  were  heated  for  one  hour  in  an  air 
oven  at  130  degrees  C.  They  were  then  cooled  in  a  dessi- 
cator,  and  rapidly  weighed  to  prevent  absorption  of  hygro- 
scopic water.  The  accuracy  of  weighing  was  to  one  milli- 
gram. The  brickettes  were  then  placed  in  a  muffle  in  a 
down  draft  kiln.  A  fire-clay  tube,  three  inches  in  diameter, 
containing  the  porcelain  tube  and  thermo-couple  of  the 
Le-Ch  atelier  pyrometer  was  laid  lengthwise  through  the 
centre  of  the  muffle,  and  the  kaolin  brickettes  were  now  piled 
up  on  one  side  of  the  tube,  and  the  kaolin-lime  brickettes  on 
the  other  side.  The  distance  of  the  brickettes  from  the 
outside  of  the  muffle  was  about  twenty-four  inches,  and  was  in 
the  centre  of  the  heated  area  and  well  protected  from  drafts  of 
cold  air.  The  front  of  the  muffle  was  leftopen^  and  opposite 
it,  two  large  peep  holes  were  left  in  the  wicket,  through 
which  it  was  easy  to  reach  in  with  a  wire  and  remove  the 
brickettes. 

The  brickettes  being  placed  in  position,  the  kiln  was 
started.  The  temperature  was  carefully  noted  at  every  60 
degrees  from  100  degrees  to  300  degrees,  and  two  of  each  kind 
of  brickettes  were  withdrawn  at  each  temperature  reading, 
cooled  at  a  dessicator  and  weighed.  Prom  300  degrees  to 
850  des:rees  brickettes  were  withdrawn  at  every  25  degrees. 
From  850  degrees  to  1000  degrees,  the  completion  of  the 
bum,  brickettes  were  removed  at  every  50  degrees. 

The  time  occupied  by  the  experiment  was  twenty-eight 
hours.  The  temperature  was  increased  as  steadily  and 
regularly  as  possible  until  725  degrees  was  reached,  when 
this  heat  was  maintained  as  near  as  possible  for  a  trifle  over 
twelve  hours,  to  observe  the  effect  of  heat-soaking  on  the 
brickettes.  The  temperature  was  then  raised  rapidly  to  1000 
degrees. 

During  the  early  stages  of  the  bum  difficulty  was 
experienced  in  seeing  the  brickettes  in  the  kiln,  and  a  bicycle 
lamp  was  used  to  project  light  into  the  dark  muffle.  From 
676  degrees  up  to  the  completion  of  the  burn,  no  trouble  was 
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experienced  from  this  cause.  In  the  early  stages  of  the 
burn,  the  brickettes  were  sooty;  this  disappeared  at  475 
degrees  in  the  calcareous  clay  brickettes,  and  at  500  degrees 
in  the  kaolin  brickettes.  When  weighed  after  removal  from 
the  kiln,  this  soot  was  removed  to  as  great  an  extent  as 
possible  with  a  fine  '*  camel  hair  "  brush.  At  525  degrees 
the  clay-lime  brickettes  showed  a  faint  red  glow.  The  kaolin 
brickettes  did  not  show  evidence  of  becoming  "red  hot"  until 
550  degrees  was  reached. 

ANALYSIS    OF  THE  RESULTS. 

Taking  the  kaolin  brickettes  first,  it  will  be  observed 
(Plate  I,  black  line,)  at  150  degrees,  the  temperature  at 
which  the  first  observation  was  made,  that  only  .018  per  cent, 
of  loss  had  occurred.  From  here  to  450  degrees  the  loss 
was  gradual,  only  amounting  to  1.59  per  cent.  At  this 
point,  the  brickettes  began  to  lose  weight  rapidly.  This 
rapid  loss  continued  until  a  temperature  of  600  degrees  was 
reached,  when  12.1  per  cent,  loss  had  occurred.  From  600 
degrees  to  725  degrees  the  loss  was  again  very  gradual,  the 
temperature  was  held  near  725  degrees  for  about  twelve 
hours  in  order  to  observe  the  effect  of  soaking  on  the  expul- 
sion of  water.  This,  as  it  will  be  observed,  was  very  slight, 
only  .07  per  cent  of  loss  occurring  from  this  temperature  to 
the  end  of  the  burn.  Small  losses  occurred  at  each  observa- 
tion, aggregating  in  all  only  .  54  of  one  per  cent.  The  total 
loss  was  13.84  per  cent,  and  the  dehydration  period,  or  the 
temperature  between  which  the  bulk  of  the  combined  water, 
was  driven  off  can  with  safety  be  said  to  lie  between  450  and 
600  degrees  centigrade. 

Now  taking  up  the  kaolin-lime  brickettes  (Plate  I, 
broken  line)  the  losses  will  be  observed  to  be  very  slight 
up  to  450  degrees.  At  475  degrees  but  very  little  additional 
water  had  been  expelled  from  these  brickettes.  From  here  to 
600  degrees  the  rate  of  loss  coincides  almost  exactly  with 
that  of  the  kaolin  brickettes.  As  600  degrees  represents  the 
close  of  the  dehydration  period,  the  losses  from  here  on  are 
due  to  the  expulsion  of  CO3  gas.  The  dotted  line  extending 
from  8.97  percent  at  600  degrees  to  9.7  percent  at  1000 
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degrees  represents  the  theoretical  loss  of  the  remainder  of 
water  in  the  kaolin-lime  brickettes.  Prom  600  degrees  to  725 
degrees^  the  expulsion  of  CO2  was  almost  as  rapid  as  that  of 
the  water  had  been.  12.2  percent  loss  had  occurred  up  to 
this  point.  The  soaking  period  of  12  hours  at  this  tempera- 
ture shows  a  decided  loss  in  the  kaolin-lime  brickettes— 4. 1 
percent  out  of  a  total  of  22.6  percent;  but  for  the  next  126 
degrees  raise  in  temperature  very  little  loss  occurred.  Prom 
here  to  900  degrees  the  loss  was  again  rapid,  22.3  percent 
having  occurred  at  this  temperature.  Prom  here  on  to  the 
end  of  the  burn  (1000  degrees)  only  0. 2  percent  loss  was  found. 
This  series  of  brickettes  proves  that  while  the  water  of 
dehydration  in  kaolin  is  expelled  between  460  and  600 
degrees,  the  CO2  in  brickettes  containing  30  percent  lime  will 
prolong  the  dehydration  period  to  900  degrees.  It  also  shows 
that  heat  soaking  for  a  comparatively  long  period  is  of  no 
advantage,  because  while  it  does  drive  off  some  of  the  CO2,  it 
does  not  drive  off  all  of  it,  and  the  end  of  the  dehydration 
occurs  at  the  same  temperature  as  if  no  soaking  had  been 
given. 

Plate  II  was  drawn  for  the  purpose  of  showing  what 
took  place  during  the  soaking  period  at  725  degrees. 

The  solid  black  line  shows  the  time-loss  curve 
of  the  kaolin  brickettes.  It  will  be  observed  that  the  bulk 
of  the  water  was  driven  off  in  less  than  two  hours,  or  between 
five  and  seven  hours  after  lighting  the  kiln;  and  it  will  also 
be  observed  that  the  soaking  period  had  very  little  effect  on 
the  brickettes.  Prom  8  hours  and  66  minutes  to  28  hours 
the  curve  line  is  almost  straight  with  a  total  loss  of  1.74 
percent  during  the  period. 

With  the  kaolin-lime  brickettes  it  is  quite  different. 
It  will  be  observed  (broken  line)  that  the  loss  continued  at  a 
fairly  rapid  rate  during  the  whole  of  the  bum,  and  that  during 
the  soaking  period,  11  hours  and  30  minutes  to  24  hours, 
there  was  a  loss  in  weight  of  4. 1  percent. 

The  following  tables  show  my  observations  as  recorded: 
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TABLE  I. 


PEBOBNT  liOflB  VC 

1.  TBMPBBATUBB. 

• 

P«roentag«i  of  Lom  In  Kaolin 

Peroontages  of  Lom  In  Kaolln-Llm« 

Brtokettet. 

Brlekettos. 

Temp,   at 

First 

Second 

ATerage. 

Temp,    at 

First 

Second 

Drawing 

Brickette. 

Brickette. 

Drawing 

Brickette. 

Brickette. 

160 

.006 

.027 

.018 

160 

.27 

.076 

.18 

200 

Chipped 

.026 

.026 

200 

.66 

666 

.66 

260 

.68 

.29 

.41 

2ii0 

.68 

.74 

.66 

800 

.69 

Chipped 

.69 

800 

.67 

1.22 

.67 

826 

.78 

77^ 

.72 

826 

.46 

1.96 

.71 

860 

.76 

.76 

.76 

860 

.56 

.86 

.71 

876 

.08 

.96 

.94 

876 

.77 

.66 

.71 

400 

Chipped 

1.11 

1.11 

400 

.44 

1.18 

.77 

426 

1.21 

1.82 

426 

1.49 

1.28 

1.38 

460 

l!lO 

2.09 

1.69 

460 

1.68 

.986 

1.41 

476 

2.41 

2.10 

2.26 

476 

Bad 

1.84 

1.84 

600 

4.46 

Chipped 

4.46 

600 

8.07 

2.61 

2.79 

626 

6.60 

6.00 

6  80 

626 

4.68 

4.64 

4.64 

660 

Bad 

7.76 

7.76 

660 

6.86 

6.61 

6.68 

676 

10.80 

Chipped 

10.80 

676 

8.20 

8.56 

8.86 

600 

12.10 

12.10 

600 

8.64 

940 

8.97 

626 

12.60 

12^46 

12.62 

626 

9.68 

Chipped 

9.68 

660 

12.90 

12.74 

12.82 

660 

^{\*?r 

9.90 

676 

12.90 

13.10 

18.00 

676 

Chipped 

11.40 

700 

18.10 

Chipped 
18.21 

18.10 

700 

Chiprod 

11.82 

726 

18.26 

18.28 

726 

12^20 

12.20 

726 

18.60 

18.20 

18.80 

726 

16!40 

16.80 

16.40 

760 

18.81 

18.70 

13.61 

750 

16.60 

^feV 

16.60 

776 

18.68 

18.66 

13.61 

776 

17.10 

16.80 

800 

Bad 

18.66 

18.66 

800 

17.30 

17.60 

17.46 

826 

Broken 

13.67 

18.67 

825 

20.00 

19.62 

19.76 

860 

18.70 

18.60 

18.70 

860 

21.20 

21.00 

21.10 

900 

^sV 

18.76 

18.76 

900 

22.20 

22.40 

22.80 

060 

Chipped 

18.76 

960 

22.60 

22.60 

22.60 

1000 

18.84 

18.84 

1000 

22.40        22.64    | 

22.60 
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TABLE  No,  II. 


P£BGBNT  LOBS   VS.  TIME. 


Kaolin  Brlokettes. 

Kaolin-Lime 
Brlokeltes. 

Honn. 

Hlnntot. 

.018 

.18 

1 

26 

.026 

.66 

1 

46 

.46 

.66 

2 

18 

.69 

.67 

2 

40 

.72 

.71 

8 

00 

.76 

.71 

3 

26 

.94 

.71 

8 

60 

1.11 

.77 

4 

16 

1.32 

1.38 

4 

46 

1.69 

1.41 

6 

16 

2.66 

1.66 

6 

40 

4.46 

2.79 

6 

16 

6.30 

4.64 

6 

60 

7.76 

6.68 

7 

86 

10.30 

8.86 

8 

16 

12.10 

8.97 

8 

66 

12.62 

9.68 

9 

26 

12.82 

9.90 

9 

66 

18.00 

11.40 

10 

80 

18.10 

11.82 

11 

10 

18.28 

12.20 

11 

60 

Soaking  period  of  12  hours  duration,  during  which  no 
gain  of  temperature  occurred. 


18.30 

16.40 

24 

00 

13.61 

16.60 

24 

40 

18.61 

16.80 

24 

66 

13.66 

17.46 

26 

10 

13.67 

19.76 

26 

26 

18.70 

21.10 

26 

40 

18.76 

22.30 

26 

10 

18.76 

22.60 

27 

20 

18.84 

22.60 

28 

00 
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DISCUSSION.  J 


Mf.  W.  P.  Gates:  I  have  had  some  experiences  in 
this  line  myself  in  onr  kilns.  I  used  a  natural  limey  clay, 
and  I  started  drawing  my  trials  much  earlier.  All  were 
dried  at  120^  C.  and  placed  in  the  kilns.  On  drawing  up  to 
about  150^  C,  the  trials  showed  a  decided  gain  in  moisture, 
the  highest  amounting  to  four  or  five  per  cent.  This  gives 
a  pretty  good  indication  that  a  good  deal  of  fuel  could  be 
lost  from  overdrying  the  wares.  I  think  many  plants  dry 
their  ware  too  much,  whereas  they  could  save  by  under- 
drying,  and  letting  some  of  the  moisture  be  taken  off  in  the 
kiln,  as  the  test  showed  that  it  had  to  be  done  over  again  in 
the  kiln  in  any  case. 

Mt,  Alfred  Yates :  My  experience  teaches  me  that  you 
cannot  get  the  ware  dry  enough ;  the  dryer  you  set  it,  the 
better  results  you  get. 

TAe  Chair:  We  all  know  that  there  is  a  large  amount 
of  water  vapor  in  the  kiln  in  the  early  stages  of  burning,  and 
it  would  seem  reasonable  that  an  over-dried  clay  would 
re-absorb  some  of  it. 

Mr.  Yates:  I  think  that  good  burning  requires  alow 
temperature  and  good  circulation  in  the  kiln  in  the  begin- 
ning.  By  this,  you  get  even  distribution.  If  you  push  it, 
you  will  have  hot  places  and  cold  places,  and  the  hot  places 
will  rob  the  cold  places,  and  prevent  equalizing  over  the 
whole  area.  But,  if  you  will  hold  down  the  temperature, 
and  keep  up  the  circulation,  you  will  get  uniformity  from 
the  start. 

Mr.  W.  P.  Gates:  I  was  speaking  only  of  muffle  kilns. 
This  test  of  mine  was  run  in  a  small  muffle  kiln.  I  do  not 
know  how  it  would  run  in  an  open  kiln. 

TAe  Chair:  The  point  in  the  paper  is  the  comparison 
between  clay  with  lime,  and  clay  without  it.  Most  of  us 
have  to  deal  with  lime-bearing  clays  sometimes,  and  their 
behavior  is  decidedly  interesting. 

I  would  like  to  ask  about  the  condition  of  the  kaolin- 
lime  brickettes  at  the  close  of  the  bum.  Was  there  any 
difference  in  hardness? 
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Professor  Orton :  The  lime-brick  or  the  calcareous  mix- 
ture was  much  more  porous^  of  course,  at  the  end  of  the  bum 
than  the  kaolin  was,  because  vitrification  involving  so  large 
an  amount  as  thirty  percent  of  lime  would  not  occur  at  so  low 
a  temperature ;  so  the  lime  mixture  was  a  good  deal  softer. 
If  the  temperature  had  gone  higher,  it  would  have  been 
harder  than  the  kaolin.  So  far  as  I  know,  the  presen- 
tation of  these  facts  here  is  the  first  time  in  which  a  pure 
clay  has  been  compared  with  a  calcareous  clay  in  the  matter 
of  its  dehydration  curve;  and  it  shows  us  a  very  interesting 
fact,  viz. ,  that  the  calcareous  clay  is  ready  for  vitrification 
changes,  and  for  the  perfection  of  its  heat  reaction  at  900°; 
while  the  clay-substance  is  practically  ready  from  six 
hundred  on.  There  is  a  stage  in  the  dehydration  period  in 
which  the  gases  are  coming  off  the  clay  rapidly,  which  can 
be  prolonged  three  hundred  degrees  by  the  presence  of  car- 
bonate of  lime.  Two  students  in  the  university  are  now  at 
work  on  a  similar  curve,  in  which  ferrous  carbonate  is  being 
experimented  on  in  connection  with  kaolinite ;  the  idea  being 
to  attempt  to  prove  the  point  at  which  CO2  is  being  expelled 
from  PeCOg.  That  is  a  more  practical  experiment,  because 
clays  containing  thirty  percent  of  lime  are  not  commonly 
used.  But  clays  containing  ferrous  oxide  are  in  common 
use,  and  are  especially  subject  to  '^  black-coring,"  swelling 
and  numerous  other  defects.  Therefore  it  seemed  to  me 
quite  important  to  show  at  what  point  a  ferrous  carbonate 
brick  was  ready  for  further  combination,  and  so  I  assigned 
this  problem  to  these  students.  This  investigation  of  Mr. 
Kennedy's  seems  to  me  of  equal  value  in  a  way,  though  not 
so  directly  applicable  to  conditions  in  this  country. 


THE  MANUFACTURE  OF  ARTDPIOAL  SAND  STONE. 

BY 

SAMUEL  V.  PEPPEL,  B.  Be,  Columbus,  O. 

During  the  last  five  or  ten  years,  occasional  newspaper 
articles  written  in  popular  vein  have  appeared  describing  a 
wonderful  industry  which  was  to  revolutionize  the  brick 
business  in  this  country,  intimating  that  brick  to  answer  all 
purposes  were  to  be  made  from  sand  at  a  cost  far  below  that 
of  ordinary  clay  brick.  Time  has  not  verified  these  state- 
ments, in  this  country  at  any  rate.  Nevertheless,  the  sand 
brick  industry  has  a  promising  future  in  this  country,  for  the 
production  of  ornamental  architectural  effects,  if  for  no  other 
purpose. 

Sand  brick,  or  the  '*  kalksandstein  '^  of  the  Germans,  is 
a  mass  of  sand  particles  bound  together  by  either  calcium 
carbonate  or  calcium  hydro -silicate,  or  mixture  oi  both. 
Sand  brick,  with  calcium  carbonate  as  the  cementing 
material,  or  ^'  filler  *'  of  the  spaces  between  the  particles  of 
sand,  have  been  manufactured  for  fifty  years  or  more.  Sand 
brick  with  calcium  silicate  as  the  cementing,  bonding  and 
filling  material,  does  not  date  back  more  than  ten  or 
twenty  years.  In  the  latter  case,  there  is  a  chemical  com- 
bination or  reaction  between  the  two  constituents  forming 
the  brick,  which  binds  the  two  together  in  a  manner  akin 
to  vitrification.  The  resultant  product  is  similar  in  many 
respects  to  dry  press  brick,  in  that  vitrification  does  not 
penetrate  to  the  core  of  each  particle.  In  the  former  this  is 
not  the  case. 

For  either  product  the  necessary  raw  materials  are  the 
same — sand  or  a  granular  silicate  and  lime,  (either  a  high 
calcium  lime  or  a  dolomite  lime).  The  method  of  treatment 
during  the  process  of  manufacture  differentiates  them  into 
three  distinct  products,  all  of  which  go  indiscriminately 
under  the  same  name. 

IM 
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SAND  BBICK  WITH   EXCI<USIVELY  OABBONATE  FIIiLBB. 

It  is  obvious  that  the  stone  which  has  carbonate  of 
calcinm  as  a  filler  or  binding  material  cannot  have  the  same 
strength  as  the  one  in  which  there  is  a  chemical  union  of 
the  sand  and  the  calcium  or  magnesium  compound,  as  the 
case  may  be.  However,  the  former  can  be  manufactured  at 
a  less  cost,  and  probably  fills  certain  requirements  in  build- 
ing construction.  Therefore,  we  will  give  it  brief  consid- 
eration. 

Twenty  to  forty  percent  of  completely  slaked  lime  is 
thoroughly  mixed  with  sand  and  sufficient  water  to  make 
moulding  possible  at  moderate  pressures.  The  hardening 
process  is  carried  out  in  one  of  three  ways : 

First.  The  brick  are  exposed  to  the  action  of  the  atmos- 
phere for  a  long  time,  the  caustic  lime  thus  slowly  acquiring 
the  needed  carbon  dioxide  (CaO  +  COj  =  CaCOg).  The 
necessity  for  complete  slaking  is  evident,  since  any  unslaked 
lime  would  slake  in  the  air  and  rupture  the  brick.  The 
time  required  before  they  can  be  used  is  five  to  six  months, 
and  they  attain  their  maximum  strength  in  about  one  and 
one-half  years.  The  hardening  here  is  similar  to  that  of 
mortar,  and  like  mortar  is  only  superficial.  The  best  lime 
for  this  purpose  would  naturally  be  a  hydraulic  lime.  Zwick 
has  said  that  only  thirty  per  cent,  of  the  lime  in  very  old 
mortars,  had  been  converted  into  the  carbonate. 

Second,  Hardening  in  an  atmosphere,  rich  in  (CO2)  car- 
bon dioxide,  without  pressure.  This  gives  the  same  results 
as  the  first  process,  in  less  time. 

Third.  Hardening  with  (COj)  carbon  dioxide  under  pres- 
sure. It  is  claimed  by  some  that  this  means  gives  a  product 
in  which  nearly,  if  not  all  the  calcium  hydroxide  Ca  (OH) 2  is 
converted  into  carbonate.  However,  I  do  not  believe  that 
this  has  been  satisfactorily  proven. 

SAND  BBIOK  WITH  PABTLY  OABBONATE  AND  PABTLY  SII<ICATB 

FIIiliEB. 

In  this  process  the  treatment  up  to  the  hardening  pro- 
cess is  essentially  the  same  as  just  described,  but  the  hardening 
is  effected  in  a  warm,  moist  atmosphere,  saturated  with  CO2 


158  MANUFAOTUBE  OF  ARTIFICIAL  SAND  8TONB. 

from  the  lime  kilns,  and  the  heat  of  slacking^  lime  is  nsed  to 
aid  in  keeping  the  temperature  up  to  60-70  deg[rees  C.  A 
combination  of  the  methods  for  class  2  and  3,  provides  for 
the  introduction  of  CO 2  into  the  kettles  or  closed  iron  cylin- 
ders used  for  hardening  in  class  3.  Under  the  conditions 
first  cited,  the  product  has  a  binding  material  for  the  most 
part  CaCOg,  but  some  hydrated  calcium  silicate  is  probably 
formed,  thus  strengthening  the  bond.  In  the  latter,  the 
binding  material  in  mainly  the  calcium  hydrosilicate,  and 
the  amount  of  calcium  carbonate  much  less  than  the 
former. 

I  am  inclined  to  the  belief  that  here  also  the  superficial 
hardening  prevents  anything  like  a  nearly  complete  change 
of  the  Ca(OH)2  in  the  center  of  the  stone.  This  of  course 
would  be  no  detriment  to  this  product,  or  the  preceding  one, 
except  to  give  a  weaker  brick,  provided  only  that  the  surface 
had  reached  sufficient  hardness  and  density  to  prevent  all 
access  of  water  or  gases.  If  this  is  not  obtained,  we  should 
expect  effloresence  as  a  result  of  the  solubility  of  the  calcium 
hydrate. 

SAND  BRICK  WITH  HYDROSILICATE  FILLER. 

This  brings  us  to  the  third  class,  the  only  one  which  I 
think  will  ever  take  any  important  place  in  the  world's 
markets.  Therefore,  we  will  go  into  the  essential  facts  more 
closely. 

The  Sand. 

The  same  raw  materials  are  used  as  in  class  1  and  2,  viz. 
sand  and  lime.  Considering  the  sand  first,  the  following 
facts  have  been  collected. 

First.  Almost  any  sand  can  be  used,  and  a  fair  product 
produced,  if  the  treatment  is  properly  varied  to  suit 
the  physical  and  chemical  properties  of  the  sand.  Economy 
in  manufacture,  however,  limits  both  physical  and  chemical 
properties. 

Second.  A  comparatively  pure  sand  is  essential  to  cheap 
manufacture, — nor  should  the  sand  be  too  coarse.  It  is 
probable  that  for  the  best  results  most  of  it  should  pass 
through  a  screen,  20  meshes  to  the  inch,  unless  there  is  a 
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good  gradation  from  extremely  fine  to  the  coarse  sizes,  in 
which  case  perhaps  coarser  sand  could  be  worked  in  to 
advantage.  The  product  would  not  be  as  smooth  and 
pleasing  to  the  eye  as  one  made  from  finer  sand. 

The  object  is  to  obtain  a  sand  which  will  contain 
sufficient  very  fine  particles  to  combine  with  the  lime,  and 
which  when  pressed  will  leave  the  smallest  possible  intersti- 
tial spaces,  thus  reducing  the  amount  of  lime  necessary  for 
welding  these  particles  together. 

Work  done  in  connection  with  the  cement  industry  has 
shown  that  practically  none  of  the  sand  coarser  than  100 
mesh,  and  only  a  part  of  that  of  150  mesh  enters  into  the 
active  cement  reaction. 

As  an  illustration,  suppose  we  had  one  sand  all  of  the  size 
of  walnuts,  and  another  all  of  the  size  of  wheat.  Enough  of 
the  smaller  could  be  mixed  in  to  materially  reduce  the  inter- 
stitial space,  and  yet  leave  sufficient  space  for  a  binding 
agent. 

The  finer  the  material,  as  a  whole,  the  more  difficult 
will  it  be  to  so  mix  it  as  to  get  a  coating  or  film  over  each 
particle  of  sand.  On  the  other  hand,  the  union  will  be  more 
complete,  and  the  product  more  pleasing  to  the  eye. 

Experiments  carried  out  by  Prof.  M.  Oasenopp  in  the 
chemical  technical  laboratory  of  the  Polytechnic  Institute  at 
Riga,  the  results  of  which  were  published  in  the  Thou  In- 
dustrie Zeitung  for  October  1900,  Vol.  24,  p.  1703  and  Vol. 
26,  p.  762,  clearly  show  the  necessity  of  using  fine  sand  for 
rapid  and  economic  production. 

The  first  set  of  results  were  obtained  with  fat  lime  as 
the  active  agent,  and  the  second  with  dolomite  lime. 

In  both  cases  a  very  pure  sharp  coarse  sand  0.6  to  1.0 
mm.  in  diameter  was  used,  and  a  fine  sand,  0.2  to  0.3  mm. 
in  diameter.  The  fine  sand  was  somewhat  rounded  and 
contained  a  considerable  quantity  of  soluble  silicic  acid, 
therefore  it  was  treated  with  HCl,  and  caustic  soda  solution, 
and  washed  before  using  in  the  experiments. 

Each  size  of  sand  was  treated  with  10  percent  and  20 
percent  of  lime  respectively,  and  with  10  and  20  percent  of 
dolomite  lime.     High  pressure  steam  was  used.      Both  sets 
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were  run  for  eight  hours,  one  at  5  atmospheres  pressure,  the 
other  at  10  atmospheres. 

The  tables  of  analyses  of  the  resultant  products  given 
below  speak  for  themselves.  The  soluble  silicic  acid  is  an 
index  to  the  extent  of  the  reactions.  The  methods  of 
analysis  are  not  given.  The  samples  were  exposed  to  the 
air  for  two  to  five  weeks,  which  probably  accounts  for  most 
of  the  CO2  since  the  CaCOH),  was  not  all  converted  into  the 
silicate. 

[See  Tables  I  and  II,  pages  161  and  162.] 

Considering  the  above  table,  we  see  that  the  coarse  and 
fine  sand  was  very  differently  affected  under  the  same 
conditions,  viz. : 

TABLE  in. 


Percentage 
of  Oanstlo 
Filler  Used 

PreMoreof 

Steftmln 

Atmoipherei 

Peroentace  of  Bolable  Silica  foond  by 
Analysii  of  Prodact 

KlndofOaoitlc 
Filler  Used 

Using 
Ooarse  Sand 

Using 
Fine  Band 

10 

5 

Pure  Lime 
Dolomite 

0.48 
0.75 

8.06 
1.98 

10 

Pure  Lime 
Dolomite 

8  38 
8.14 

7.58 
6.29 

20 

5 

Pure  Lime 
Dolomite 

0.59 
0.65 

8.41 

• . .  • 

10 

Pure  Lime 
Dolomite 

2.75 
1.69 

11.14 
7.08 

In  every  case  the  reaction  is  much  more  complete  with 
the  fine  sand.  This  shows  clearly  the  necessity  for  some 
fine  quartz.  The  reaction  has  gone  a  great  deal  farther  with 
the  fine  than  the  coarse,  although  the  fine  sand  was  not  in 
as  favorable  physical  shape  for  chemical  union  as  the  coarse. 
If  soluble  silicic  acid  were  naturally  in  the  sand,  it  might 
take  the  place  of  fine  sand.  In  each  case,  the  lime  was  not 
all  combined  with  SiO^ ,  that  is  the  reaction  was  incomplete, 
as  is  shown  by  the  presence  of  uncombined  Ca(OH)2.    After 
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taking  from  the  chemically  combined  water  that  which  would 
go  with  the  Ca(OH)3,  the  balance  of  the  water  gives  some 
striking  molecular  ratios  to  the  soluble  silicic  acid.  Thus 
from  Table  I  we  have 

TABLE  IV. 

SerieB  A, 


Number 

1 
8.7 

2 
2.66 

8 
6.60 

4 

3.7 

6 
1.7 

6 
1. 

7 
2.8 

8 

Ratio 

1. 

Series  B. 


Number 


Batio. 


1 

2 

3 

4 

5 

6 

7 

9  55 

2.16 

14.4 

7.4 

2.7 

0.98 

2.60 

The  ratios  6.5,  7.4,  9.55  and  14.4  seem  a  little  unusual 
to  me.  It  is  notable,  however,  that  with  one  exception,  the 
high  ratios  are  with  the  MgO. 

These  results  also  show  clearly  that  high  pressure  is 
essential  to  anything  like  rapid  working. 

Professor  Michaelis  is  quoted  as  saying  the  higher  the 
pressure,  the  higher  the  soluble  silicic  acid,  and  the  solider 
and  denser  the  resultant  brick. 

Professor  Michaelis  has  given  the  physical  properties  of 
the  sand  primary  importance,  and  chemical  properties  a 
secondary  place.  He  also  says  that  two-thirds  coarse  and 
one-third  fine  sand  give  a  denser  and  firmer  brick  than 
where  the  sand  is  all  of  one  size.  70  per  cent,  coarse  sand, 
30  per  cent,  fine  sand,  with  5  per  cent,  added  lime  gives  a 
good  product,  having  7  to  8  per  cent,  porosity.  He  has  also 
shown  that  good  brick  can  be  made  with  sand  carrying  as 
much  as  40  per  cent,  clay,  if  sufficient  lime  is  used. 

Judging  from  his  figures,  I  should  say  for  each  part  of 
clay  present  a  little  less  than  one  part  of  lime  must  be  added 
in  excess  of  that  which  would  be  needed  for  the  sand  itself. 
While  2  to  3  per  cent,  of  lime  is  probably  all  that  is 
necessary  to  effect  a  satisfactory  bond,  in  practice  more  is 
used,  in  order  to  hold  the  sand  together  and  to  facilitate 
pressing  into  a  form  which  can  be  handled. 
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In  conversation  with  Mr.  H.  B.  Brown ,  of  Coldwater, 
Michigan,  recently,  he  said  2^  per  cent,  of  kaolin  added  to 
a  mixture  of  dolomite  lime  and  sand  had  given  him  tensile 
strength  higher,  if  anything,  than  brickettes  made  from  same 
material  without  the  kaolin.  On  the  contrary,  it  is  claimed 
by  others  that  the  clay  has  a  tendency  to  reduce  the  hard- 
ness, and  make  the  brick  more  susceptible  to  weathering 
action. 

Prom  theoretical  considerations  we  might  say  the  pres- 
ence of  silicates  in  any  large  quantity  would  act  as  a  dilutant 
or  inert  material  with  perhaps  a  few  exceptions.  Kaolin 
( Al^Ogt  2  Si02f  2  H^O)  may  be  converted  into  anorthite 
(  CaO,  Al^Ogi  2  SiOg  )•  But  we  do  not  know  this  to  be  the 
case.  Also  anorthite,  if  present  in  the  sand  might  take  on 
four  molecules  more  of  SiO^  and  five  molecules  of  H^O  as 
water  of  hydration  and  form  heulanite  (5  HjO,  CaO 
AlsOs)  SSiOa ),  and  the  acid  orthosilicates  represented  by 
phenite  (H^O,  2  CaO,  AlaO,,  3SiO))  might  take  on  a 
molecule  of  CaO  and  give  up  a  molecule  of  H^O. 

It  is  hardly  likely  that  the  normal  silicates  would  become 
more  basic  in  the  presence  of  large  quantities  of  available 
silicic  acid.  It  is  not  likely  that  the  metasilicates,  represented 
by  the  simplest  silicates  of  calcium  and  magnesium,  enstatite 
(MgO,  SiOg)  and  woUastonite  (CaO,  Si02),  can  do  more 
than  promote  crystallization  of  the  calcium  or  magnesium 
silicates  formed,  by  their  mere  presence  in  crystal  form. 

The  silicates  containing  the  alkalies,  potassium  and 
sodium,  are  probably  barred  on  account  of  yielding  soluble 
salts.  Prom  silicates  of  the  heavy  metals,  the  oxides  would 
be  thrown  out.  At  any  rate,  they  are  too  valuable  for  other 
purposes  to  be  considered  here. 

Since  under  the  working  conditions,  the  very  resistant 
quartz  is  brought  into  the  reaction,  the  greater  part  of  the 
complex  silicates  are  very  likely  to  be  broken  up  into  more 
simple  forms,  in  most  cases  at  least  yielding  inert  com- 
pounds in  part. 

At  any  rate  it  is  evident  that  when  silicates  are  present 
in  any  quantity,  more  lime  will  be  required,  and  while  it 
might  be  possible  to  make  a  good  brick  from  a  silicate  sand, 
it  would  not  be  a  good  business  proposition. 
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As  an  instance  of  the  weakening  action,  of  inert  mater- 
ials, we  might  cite  the  slightly  lower  crushing  strengths  as 
shown  in  a  table  given  later.*  Mr.  H.  E.  Brown  also 
confirmed  this  observation,  finding  the  tensile  strengths  less 
on  colored  brick  than  on  the  same  brick  without  the  coloring 
matter,  when  treated  in  exactly  the  same  manner. 

Hence  it  follows  that  the  sand  should  be  comparatively 
pure,  made  up  of  medium  coarse  with  some  very  fine  grains. 
Sharp  sand  is  preferable  so  as  to  present  thin  sharp  comers 
to  promote  chemical  combination.  The  sharp  sand  will  also 
resist  change  of  position  or  flow  of  solid  particles  better  than 
rounded  grains.  If  the  sand  available  contained  any  large 
amount  of  clay  it  would  probably  be  economy  to  roughly 
wash  it.  And  if  it  did  not  contain  sufficient  very  fine  parti- 
cles, a  portion  would  have  to  be  ground.  This  would  increase 
the  cost  about  five  to  seven  cents  per  1000  brick  produced. 

The^  Lime, 

The  prime  requirement  is  proper  burning.  Since  dead 
burning  of  limestone  or  dolomite  tends  to  produce  a  crystal- 
line oxide,  which  slakes  or  hydrates  with  extreme  slowness, 
a  portion  might  remain  unslaked  and  uncombined,  and 
make  trouble  by  future  slaking,  and  possible  change  of  vol- 
ume and  possibly  effloresence.  It  would  hardly  rupture  the 
brick,  since  the  crystalline  oxide  is  said  to  hydrate  without 
much  change  in  volume. 

Economy,  however,  indicates  the  use  of  the  purer  limes 
(lime,  dolomitic  lime  or  dolomite  lime).  The  impurity  is 
usually  clay  or  sand,  and  at  the  temperature  at  which  limes 
are  burned,  the  SiO^  will  be  combined  with  the  lime,  and 
the  Al^Os  remain  as  such,  both  acting  as  inert  bodies  so  far 
as  sand  brick  are  concerned. 

German  practice  up  to  the  present  time  seems  to  be  to 
use  only  the  fat  limes.  Ernst  Stoffler,  an  engineer  of 
Zurich,  Switzerland,  who  has  published  a  pamphlet  on  this 
industry,  says  fat  limes  are  the  best.  Prof.  Glasenapps' 
work,  early  in  1901,  has  shown  that  essentially  the  same 
results  obtain  when  working  with  dolomite  lime  as  with  the 
fat  limes,  t    I  see  no  reason  why  dolomite  lime  should  not  be 

•  See  Table  VI.  t  Bee  Table  I.  12  Cer 
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a  desirable  material,  except  that  it  will  require  more  care 
and  time  to  properly  slake  it.  We  would  have  the  increased 
fluxing  action  due  to  two  bases  instead  of  one.  Even  if  the 
over-burning,  which  the  MgO  is  bound  to  suffer  before  the 
CaO  can  be  properly  burned  in  a  dolomite,  should  cause  it  to 
slake  so  slowly  as  to  go  through  the  process  unchanged,  it 
does  not  offer  the  same  disadvantages  that  unslaked  CaO 
would,  since  the  oxide  requires  1 000  times  its  weight  of  water 
for  solution,  and  the  hydrate  is  practically  insoluble.  How- 
ever the  unslaked  MgO  would  probably  slake  when  exposed 
to  the  hot  steam^  and  in  that  event  might  expand  and 
rupture  the  brick  in  the  hardening  cylinder. 

The  dolomite  lime  may,  however,  give  a  brick  which 
will  be  slightly  lower  in  fire  resisting  quality  than  one  made 
from  the  fat  limes,  especially  if  the  amount  of  lime  used  is 
high.  If  this  should  be  the  case,  it  would  not  be  due  to  the 
lower  melting  point  of  MgSiOg  but,  to  the  greater  activity  of 
two  bases  acting  in  unison  on  an  acid. 

PROCESSES  OF  MANUFACTURE  PRIOR  TO  HARDENING. 

Present  practice  adopts  one  of  four  methods  prior  to 
hardening:  1st.  The  wet  slaking  process.  2nd.  The  dry 
slaking  process.  3rd.  The  acid  slaking  process.  4th.  The 
quick  lime  or  oxide  process. 

First  Method, 

This  process  consists  in  slaking  the  lime  to  a 
fat  putty,  either  by  hand  or  by  mechanical  aids,  and 
then  mixing  in  the  desired  proportion  of  sand  and  water, 
either  in  a  wet  pan  or  a  large,  slow  moving  pug  mill. 
From  here  it  is  carried  to  bins  over  the  press,  allowed  to 
stand  a  short  time  to  ripen  and  then  pressed. 

With  properly  burned  fat  limes,  the  proper  amount  of 
water  and  sufficient  agitation,  this  is  accomplished  very 
quickly  and  thoroughly.  The  heat  given  up  by  the  union  of 
CaO  and  H^O  is  sufficient  to  generate  steam  in  the  minute 
pores  of  the  amorphous  oxide,  and  thus  break  it  up  into  the 
smallest  possible  particles,  constantly  and  rapidly  exposing 
new  and  fresh  surfaces  to  the  hot  water.    CaO  on  hydration 
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gives  up  270  heat  units*  Under  these  conditions  the  CaO 
seems  to  form  a  hydrate,  carrying  more  than  one  molecule 
of  water,  the  excess  being  locked  in  so  loosely  that  a  little 
excess  of  heat,  as  would  be  the  case  with  too  little  water, 
would  prevent  its  formation,  or  break  it  up  if  formed.  Water 
acts  as  an  equalizer ;  not  enough  allows  it  to  get  too  hot,  and 
too  much  cools  it  too  low  for  the  best  results. 

Walters  found  that  the  best  slaking  of  high  calcium 
lime  gave  an  increase  of  volume  of  3^,  air  slaking  2^^,  and 
slaking  with  a  large  quantity  of  water  1-^.  This  increase  in 
volume  gives  it  greater  spreading  or  enveloping  power. 

With  the  dolomites  more  time  is  required  for  proper 
slaking,  for  two  reasons:  The  MgO  is  somewhat  over- 
burned,  and  second,  the  heat  units  evolved  by  MgO  on 
hydration  is  much  less  than  that  for  the  hydration  of  CaO. 
Both  act  in  the  direction  of  retardation. 

The  process  can  be  much  improved  and  quickened  by 
the  use  of  hot  water  or  the  application  of  external  heat. 

It  is  claimed  by  many  that  the  magnesian  limes  never 
develop  the  same  degree  of  plasticity  as  the  fat  limes.  This 
may  in  part  be  due  to  imperfect  slaking. 

Second  Method. 

This  differs  from  the  preceding  only  in  this,  that 
the  lime  is  slaked  with  just  enough  water  so  that 
the  heat  of  the  chemical  reaction  shall  just  dry  the 
finished  hydrate.  The  hydration  is  incomplete  in  most 
cases.  There  are  a  number  of  patent  machines  for  doing 
this,  both  in  this  country  and  in  Europe.  Some  are  closed 
tight,  and  the  slaking  done  under  pressure  with  water  alone, 
others  are  treated  with  both  water  and  steam. 

In  another  type,  water  is  added  to  the  lime  in  a  closed 
vessel;  and  heat  applied  externally  by  means  of  a  steam 
jacket  to  the  container. 

Such  hydrates  of  this  class  as  I  have  examined,  have 
been  found  to  be  very  imperfectly  hydrated.  However,  none 
were  examined  when  water  was  added  and  steam  supplied  to 
keep  the  mixture  hot^  or  where  external  heat  was  used. 

Mr.  H.  £.  Brown  claims  that  dolomite  lime  hydrated 
under    the  conditions  last  mentioned  in  a  steam  jacketed 
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machine,  showed  on  chemical  analysis  complete  hydra- 
tion, with  a  three-fold  increase  in  volume,  and  yet  a  dry 
product. 

Third  Method. 

Five  to  ten  per  cent,  of  a  solution  of  commercial 
hydrochloric  acid — 19  degrees  B.,  is  added  to  the  lime 
after  slaking  has  begun.  This  is  the  German  patent 
of  Peter  Kleber.  (No.  103777.)  This  acid  is  worth 
about  one  to  one  and  one-half  cents  per  pound.  In  this 
process  the  preliminary  treatment  only  carries  the  hydration 
to  from  one-third  to  one-fifth  of  completion. 

This  of  course  gives  a  small  amount  of  CaCl].  The 
affinity  of  this  compound  for  water  is  well  known.  It  is 
also  very  active  in  attacking  silicates,  as  is  illustrated  by  its 
action  in  the  nascent  condition  in  the  J.  Lawrence  Smith 
fusion  for  the  determination  of  alkalies. 

The  introduction  of  the  acid  must  be  objectionable  at 
any  rate,  since  if  the  CaCl]  remains  as  such,  it  would  be 
soluble  later,  and  give  trouble.  If  it  is  decomposed,  and 
Ca  SiOs  formed,  the  acid  liberated  in  the  warm  moist 
atmosphere  must  certainly  attack  the  metal  cylinders  unless 
it  is  glazed  with  a  silicate  of  some  sort  or  lead  lined. 

CaCl,+SiO,+H,0=Ca  S10,+2  HCl. 

It  is  claimed  by  Kleber,  that  the  HCl  accelerates  the 

slaking  and  shortens  the   time  needed  in   the  hardening 

vessel.    The  introduction  of  CaCl2  is  not  so  satisfactory  as 

the  use  of  the  acid.     While  there  are  a  number  of  plants 

operating  under  this  patent,  I  do  not  believe  that  much  acid 

is  now  used. 

Iburth  Method. 

The  quick  lime  or  dry  oxide  of  calcuim  is  mixed 
with  the  sand,  and  just  enough  water  to  make  it 
possible  to  work  it  in  the  press.  The  water  is  added  in  two 
portions,  with  a  short  interval  of  time  between  additions. 
The  product  then  goes  to  the  press. 

This  certainly  is  the  most  rational  and  rapid  method,  if 
as  good  a  product  can  be  produced  as  by  other  processes. 
This  process  probably  requires  a  little  more  lime  than  the 
others  in  order  to  get  the  mixture  in  proper  condition  to 


MANUFACTUBB    OF    ARTIFIOIAJL  SAND   STONB.  169 

mold.  Where  the  cost  of  lime  is  very  high,  this 
would  be  an  item.  But  much  may  be  done  to  reduce  this 
lime  by  mixing  with  it  a  portion  of  extremely  fine  ground 

sand. 

If  lime  hydrates  with  steam  under  pressure  in  a  crystal- 
line form  without  change  of  volume,  as  Walter's  experiment 
in  hydrating  lime  in  a  glass  tube  with  steam  seems  to  show, 
the  hydration  during  hardening  would  not  in  any  way  injure 
the  brick. 

Statements  made  to  me  by  Mr.  Brown,  however,  indicate 
that  for  dolomite  there  is  a  large  increase  in  volume. 
He  used  water  and  steam  both.  My  own  experience  points 
to  the  fact  that  both  CaO  and  MgO  will  expand  when  treated 
with  steam.  If  such  be  the  case  the  fourth  method  would 
not  be  feasible. 

It  is  also  possible  that  the  hydro-silicate  of  calcium 
may  form  direct  from  the  CaO  without  change  in  volume. 
If  this  were  the  case,  we  should  work  with  as  little  water  as 
possible  to  get  the  denser  brick. 

HARDENING  PROCBSSES. 

The  hardening  is  accomplished  in  one  of  two  ways, 
either  by  low  pressure  steam  and  long  exposures,  or  high 
pressure  steam  and  short  exposures.  In  the  first  case,  the 
pressure  used  is  about  two  atmospheres,  giving  a  temperature 
of  120  to  125  degrees  C,  and  the  duration  of  the  exposure  is 
about  seventy-two  hours;  in  the  second  case,  the  steam 
pressure  is  from  eight  to  ten  atmospheres,  giving  tempera- 
tures around  185  degrees  C,  and  the  exposure  lasts  for  a  few 
hours  only,  six  to  ten  hours  being  sufficient  in  most  cases. 

The  letters  patent  on  this  latter  and  most  important 
procedure  were  taken  out  by  Professor  Michaelis  early  in  the 
eighties,  and  permitted  by  him  to  lapse  without  commercial 
application. 

I  have  already  mentioned  a  modification  of  the  harden- 
ing process  in  connection  with  class  No.  2,  in  which  CO 3  is 
introduced  either  with  the  steam  or  after  it.  If  this  method 
is  used  at  all,  it  is  usually  when  working  with  low  pressure 
steam. 
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According  to  StolBler,  the  quantity  of  lime  used  in  any  of 
the  methods  varies  from  5  to  10  per  cent.  And  the  moisture 
above  that  used  in  hydration,  from  7  to  9  per  cent.  The 
nature  or  the  make  up  of  the  sand,  whether  quartz  or  felds- 
pathic  or  clayey,  will  determine  the  amount  of  both  lime  and 
water  desirable. 

Prom  the  foregoing  statements  you  can  readily  conceive 
that  it  would  be  entirely  feasible  to  take  the  sand  from  the 
bank  and  have  a  brick  ready  for  market  in  less  than  a  day  of 
twenty-four  hours,  or  ii  you  include  the  burning  of  the  lime, 
the  entire  process  from  the  raw  limestone  and  sand  to  the 
finished  product  need  not  consume  more  than  thirty-six 
hours. 

QUALITY  OF  THE   PRODUCT. 

Concerning  the  quality  of  this  new  artificial  stone,  the 
question  arises  in  the  mind  of  each  of  us:  ^^  Is  it  of  any 
value  to  us?"  ''Will  it  fulfill  our  requirements  for  a  safe 
and  desirable  building  material  ?  "  I  think  it  will,  and  offer 
the  following  as  evidence  of  its  quality : 

The  sample  before  you  is  one  made  in  Germany,  by  the 
Stahl  and  Bisen  Actien-Gesellschaft,  Hoerde,  Germany, 
from  materials  which  you  will  see  were  not  the  most  desira- 
ble.    An  analysis  by  rapid  methods  gave; 

84  per  cent.  SIO,  (sand  and  Sol.  SiO.). 
2       "         Fe,0,+Al,0, 
7       **         CaO 

"         MgO  low. 

98.  per  cent. 

7.       ^*       Balance  is  made  up  of  MgO,  HgO  and 

GOa  and  Alkalies. 

When  three  grams  were  ground  fine  and  treated  with  a 
large  amount  of  water,  only  a  trace  of  Ca  was  found  in  the 
water. 

The  water  absorbed  on  standing  over  night  is  9  per  cent. 
The  question  naturally  is,  "  Will  it  stand  weather  ?  *'  The 
small  piece  was  soaked  in  water,  frozen  and  thawed  three 
times.  It  was  thawed  out  the  last  time  on  the  laboratory 
hot  plate  at  about  250    degrees  C.    I  could  observe  no 


MANUTACTX7BB    OF   ABTIFICIAL  SAND  BTONB. 


171 


evidence  of  damage  by  frost,  except  when  it  froze  fast  to  a 
sandstone  window-sill,  and  broke  out  a  little  when  I 
wrenched  it  loose.  After  thawing  out,  and  while  still  wet, 
I  set  it  up  and  turned  a  blast  lamp  directly  onto  one  small 
piece  of  it,  and  brought  it  up  rapidly  to  a  bright  red  heat, 
and  held  it  for  fifteen  minutes,  then  plunged  it  into  cold 
water.  This  last  proceedure  destroyed  the  bond,  as  you  can 
see  by  rubbing  the  brown  spot  on  the  brick.  A  block  sawed 
from  this  brick  and  crushed,  showed  a  crushing  strength  of 
4210  pounds  to  the  square  inch. 

Further  in  a  paper  given  by  Herr  G.  Beil,  of  Ascher- 
sleben,  at  a  meeting  of  the  Kalksandstein  society  in  Berlin, 
March,  1901,  the  following  results  are  given  as  coming  from 
The  Koenigl.  Mechan-technichen  Versuchsanstalt,  at  Char- 
lottenburg,  Germany. 

Seventy  brick,  representing  7  different  products,  were 
soaked  in  water  at  12^-15^  C,  frozen  for  four  hours  then 
placed  in  warm  water  three  hours.  All  were  pronounced 
sound  at  the  end. 

Also  the  following  list  of  tabulated  results  (published  in 
Vol.  26  Thon-Ind.  Zeit.  575) : 

TABLE  V. 


1 

Absorption 

Crushing  Strength,  In  pounds  per 
sqnare-lnoh 

Amount  of  water 
taken  up  by  dried 

sample,  after  136  hrs. 

soak.  In  peroents  of 
dry  weight. 

Water  soaked 
Brick 

Dry  Brlok 

After 
Freeslng 

1 

2 
8 
4 
5 

6 

6a 

7 

Low              High 

PresBare       Preasure 

Hardening    Hardening 

f           12 
14 

\             » 
10.6 



I          18.8 

1908 
2078 
8038 
1846 

1385 

1704 
2215 
4189 
1732 
8710 

850 
1858 
1198 

2229 
2800 
4260 
2187 
8288 

1886 
1747 
1562 

This  shows  that  the  crushing  strength  is  not,  in  most 
cases,  very  materially  decreased  by  freezing.  Crushing  wet 
also  produces  a  slight  decrease. 
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In  the  Thon-Ind.  Zeit.  Vol.    25,   1660,  the  following 
tabulated  results  are  to  be  found: 

Swedish  brick,  tested  at  Gothenberg  by  same  method 
as  in  above  Table  V. 

TABLE  VI. 


Kind  of  Brlok 
(All  Tilme-Sand) 

Bpeolflo 

Qraylty  In 

Powder  Form 

• 

Actual 
Bpeolflo 
Qraylty 

Percentage 
Absorption 

Porosity  In 

Peroents 
of  Volume 

Number 

of  Brlok 

Tested 

1.  Smooth, 

gray-white 

2.  Yellow-brown 

to  red 
8.    Smooth, 

gray-white 
4.    Brown-red 

2.51 
2.46 

1.74 
2.10 

13.1 
18.6 

30.5 
14.6 

10 
10 

4 

4 

OBUBHINQ    STBBNQTH 

Dry 

Wet 

Frosen 
Repeatedly 

Max. 

17.82 
14.68 
27.41 
21.58 

Min. 

Mean. 

15.48 
11.08 
22.86 
15.62 

Max. 

Min. 

10.37 
6.86 

Mean. 

13.21 
9.80 

Max. 

14.91 
11  64 

Min. 

Mean. 

1.  Same  as  above 

2.  Same  as  abo^e 
8.    Same  as  above 
4.    Same  as  above 

12.1 

7.1 

15.1 

12.: 

n 

>3 

L9 

If 

1^ 

>.90 
L48 

7.24 
9.23 

11.93 
10.08 

I  do  not  know  the  process  of  manufacture. 

This  again  shows  a  slight  decrease  in  crushing  strength 
after  repeated  freezing. 

Mr.  Brown  has  obtained  tensile  strengths  as  high  as  650 
pounds,  but  gives  as  an  approximate  average  for  ten  per  cent, 
of  the  hydrates  400  to  425  pounds.  He  thinks  the  maximum 
tensile  strength  is  obtained  with  very  fine  sand  and  about 
fifteen  to  twenty  per  cent,  of  the  hydrated  dolomite  lime 
equivalent  to  nine  to  thirteen  per  cent,  of  the  oxides. 

A  cube  2x2x2  made  by  Mr.  Brown  from  finely  ground 
sand  and  dolomite  lime,  gave  a  crushing  strength  of  5730 
pounds  to  the  square  inch  when  crushed  in  the  mechanical 
laboratories  at  Ohio  State  University. 
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The  following  is  a  copy  of  tests  made  on  brick  manu- 
factured by  H.  Huennekes : 

TetU  of  Hme—Sand  Building  Brick, 

Made  for  A-  G.  Roenick,  408  Wood  Street.  Pittsburgh,  Pa., 
by  the  Pittsburgh  Testing  Laboratory,  October  17,  1901  : 


Omflhlng  Strength 
Per  BqnAre  Ineh 


3618  lbs. 
4162  lbs. 
886elbB. 


Absorption  Test 
46  Hrs.  In  Water. 


11.6jt    gain 

8.67  %  gain 

11.8%    gain 


Abeorptlon  After 
Freeilng  Test 


12.4  %  gain 

8.8%  gain 

11.4*  gain 


Omshing    Strength 

Per  Bqnare  Inch 

Alter  Freeilng 


•  4187  lbs. 

*  6202  lbs. 


*  Brloke  did  not  ornsh  at  this  load,  bat  showed  only  slight  oraoks  at  an  aotnal 
load  of  106,000  pounds,  the  limit  of  the  machine. 

Half  bricks  were  used  in  absorption  tests ;  these  bricks 
were  dried  thoroughly  before  immersing  in  water.  After 
remaining  in  water  forty-five  hours,  bricks  were  frozen  four 
hours  at  a  temperature  of  14^  Pahr.,  and  then  thawed  in 
warm  water  twelve  hours,  frozen  again  at  a  temperature  of 
9°  Pahr.  for  a  period  of  three  and  one-third  hour,  thawed  in 
hot  water  three  hours,  frozen  at  a  temperature  of  12°  Pahr. 
for  three  and  one  third  hours,  and  finally  thawed  in  hot 
water  for  twelve  hours.  Pinal  absorption  test  made  and 
then  bricks  were  again  thoroughly  dried.  The  bricks 
showed  no  signs  of  cracking  or  disintegration. 

From  the  foregoing,  it  is  evident  that  any  of  the  high 
pressure  steam  process  stones  have  strength  to  meet  all 
ordinary  requirements  for  building  purposes.  In  Germany 
a  great  many  of  the  fire  inspectors  have  pronounced  them  a 
safe  material  from  their  standpoint,  and  a  good  many  sand- 
brick  have  gone  into  municipal  and  government  buildings 
over  there.    The  railroads  are  using  them  also. 

I  have  taken  the  following  from  Thon-Ind.  Zeit.  V.  25, 
1822: 

A  small  oven  was  built  of  brick  made  by  high  pressure 
steam  hardening,  by  Guthemann,  of  Niederlehme,  some 
whole  and  some  bats.  It  was  fired  by  wood  up  to  a  temper- 
ature of  1100  degrees  C,  measured  both  by  Seger  cones  and 
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by  electric  pyrometer.  The  stones  were  not  injured  in  any 
way  by  this  process,  and  further  showed  that  they  were 
excellent  non-conductors  of  heat. 

Later,  by  means  of  a  blast,  the  furnace  was  brought  to  a 
glowing  heat  and  the  hose  turned  directly  on  to  the  hottest 
part  with  a  full  stream.  This  cracked  off  a  few  corners. 
When  thoroughly  cooled  it  was  found  that  the  bond  had 
been  destroyed  for  a  depth  of  3  cm.=  ^  in.,  so  that  part  could 
be  scraped  off  with  a  knife. 

Mr.  G.  Beil,  Thon-Ind.  Zeit,  25,  677,  cites  the  following 
good  qualities : 

1.    Great  hardness. 

2  and  3.  Regularity  of  form  which  permits  of  more  rapid 
and  consequently  cheaper  building. 

4.  The  beauty  of  the  structure. 

5.  Outside  dressing  or  painting  unnecessary. 

6.  Inside  plastering  unnecessary  in  many  cases. 

7.  No  insulation  necessary. 

8.  It  is  cheaper  than  cut  stone  or  terra-cotta. 

9.  Cheaper  than  brick.  The  costs  in  Berlin  are :  Ten 
to  twenty  marks  per  1000,  for  sand-lime  brick ;  seventeen  to 
twenty-five  marks,  per  1000,  for  face  brick.  Of  course  eight 
and  nine  represent  German  conditions,  not  American  ones. 

MBCHANICAL  EQUIPMENT  FOR  MANUFACTURE. 

As  has  been  intimated  in  previous  statements,  the 
machinery  in  a  general  way  consists  of  apparatus  for  either 
wet  or  dry  slaking,  conveying  machinery,  mixing  machines, 
presses,  trucks,  hardening  boilers  and  machinery  for  genera- 
ting power. 

There  are  a  large  number  of  patented  machines  for  the 
dry  slaking  of  lime,  both  in  this  country  and  in  Europe. 
I  know  of  but  one,  however,  for  wet  slaking.  In  this  latter 
process,  the  lime  is  slaked  with  sufficient  water  to  make  a 
good  putty,  and  after  maturing  in  this  condition,  it  is  dried 
by  artificial  heat  and  ground. 

Since  in  the  various  patented  processes  for  making  sand 
brick,  the  only  claim  which,  in  most  cases,  could  be  con- 
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tested,  is  that  for  some  special  machine  or  method  of  slaking 
lime  to  a  dry  powder.    I  will  briefly  mention  a  few  of  them : 

Olschewsky,  in  one  of  his  German  patents^  nses  a  cylin- 
der capable  of  resisting  strong  pressure,  so  mounted  that 
it  can  be  rotated,  and  receive  a  supply  of  water  at  the  same 
time.  The  cylinder  is  filled  one-half  full  of  CaO,  and  sealed 
up.  Rotation  and  the  introduction  of  water  begins:  rotates 
one-fourth  to  one  hour,  and  allows  to  stand  two  or  three 
hours.  Thirty  to  thirty-five  parts  of  water  are  used  to  one 
hundred  parts  of  lime. 

Prom  what  I  have  seen  in  this  country,  I  feel  safe  in 
saying  such  a  machine  will  give  imperfect  hydration. 

Another  of  Olschewsky's  patents,  German  No.  82785, 
consists  in  the  the  building  of  a  tight  metal  box  in  the 
bottom  of  the  trucks  for  carrying  the  brick  in  the  hardening 
chamber.  This  is  provided  with  a  stirrer,  a  shaft  with 
peddles.  Water  and  steam  are  introduced.  The  heat  gen- 
erated serves  to  dry  the  green  brick.  This  wagon  then  is 
run  into  the  hardening  chamber,  and  you  always  have  one 
day's  supply  of  slaked  lime  ahead. 

The  German  patent.  No.  82785,  was  recently  annulled. 

This  device  or  proceedure  is  patented  in  England,  1900, 
No.  1705,  and  in  the  United  States,  Dec.  1900,  No.  663459.* 

There  are  several  other  American  patents  using  various 
forms  of  agitators. 

Another  we  might  mention  is  that  of  A.  G.  Schwarz,  of 
Ziirich,  Switzerland,  in  which  the  machine  is  heated  by 
steam  pipes  and  the  hydrate  is  dried  by  producing  a  vacuum, 
as  all  excess  of  water  is  pumped  out  as  vapor.  This  machine 
is  illustrated  and  described  in  '*  Silico-Calcareous  Sand- 
stones," by  Ernst  Stoffler. 

Mr.  H.  E.  Brown  holds  patents  which  claim  for  dolo- 
mite lime  everything  which  is  claimed  by  the  Germans  for 
lime. 

It  is  apparent  that  the  best  conveying  machines  will  be 
those  which  will  move  the  material  with  as  little  friction 
between  the  conveyor  and  sand  as  possible,  on  account  of 
the  latter's  strong  abrasive  properties.     Broad  continuous 

*Be6  Patent  Offloe  Gasette,  Dec,  1800,  page  1946. 
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belts,  where  feasible,  or  heavy  chain  bucket  conveyors  are 
perhaps  best  adapted  to  this  purpose,  where  dump  cars  are 
not  desirable. 

If  screws  or  auger  machines  are  used  for  conveying  or 
mixing,  they  should  be  of  large  diameter  and  capacity,  and 
geared  to  move  slowly. 

Edge  runners  are  much  used  In  mixing  and  grinding. 
Figure  II. 


The  trucks  are  usually  built  low  and  made  to  carry  from 
1,000  to  1,400  of  brick  of  American  size,  or  fewer  of  German 
size.     They  nsually  carry  thirteen  to  sixteen  courses. 

The  hardening  boilers  are  made  of  iron  or  steel,  and 
constructed  to  stand  for  high  pressure  — 150  to  200  pounds 
pressure  to  the  square  inch.  They  should  always  be 
bricked  in  to  prevent  rodiation  and  excessive  condensation 
of  steam.  They  usually  have  one  head  movable  and  bolted 
on.     This  head  is  handled  by  a  small  crane. 
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The  customary  size  is  six  to  seven  feet  ia  diameter  by 
fifty  to>60  feet  in  length. 

Figure  II  shows  a  hardening  boiler  closed. 

Figure  III,  a  similar  boiler  open  and  charged  ready  for 
steam  as  soon  as  the  head  is  bolted  into  place.  This  plate 
also  shows  a  container  for  slaking  lime,  under  the  floor  of 
the  truct. 

Hgure  III. 


There  are  a  number  of  mixing  machines  in  use — wet 
pans,  auger  machines,  pug  mills,  &c.  One  of  rather  unique 
type  is  that  of  A.  G.  Schwarz.  It  consists  of  a  drum  with  a 
mixing  arm.  A  cut  of  this  machine  may  be  seen  in  "  Silico- 
Calcareous  Sandstones."     It  is  arranged  so  as  to  remove 
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moisture  by  producing  a  vacuum,  aod  then  add  a  definite 
amount  of  water,  working  on  definite  amount  of  material. 
It  is  necessarily  intermittent  in  its  action. 

Although  an  expensive  way  of  operating,  it  has  some 
things  in  its  favor,  since  the  amount  of  water  cannot  vary 
widely  for  any  given  mixture.  The  amount  of  water  which 
is  best  must  be  determined  for  each  plant. 

When  once  this  is  determined  the  Schwarz  machine 
offers  a  means  of  always  getting  that  amount  into  the 
material. 

COST  OF  PLANTS  AND.  PRODUCTION. 

Brnst  Stoffler,  of  Ziirich,  in  his  pamphlet  gives  the  follow- 
ing for  a  plant  using  quick  lime.  The  cost  of  a  plant  and 
of  production  will  not  vary  widely  from  this  for  any  of  the 
others. 

PLANT,  40,000  DAILY  CAPACITT. 

Lafid  and  Buildings, 

About  6000  m,  of  land,  of  which  about  1500  m,  is  built 

over,  machine  masonry,  chimney,  tracks  silos,  etc.. . .  124800  00 

Machinery  JPkmt, 

A.     Preparation  of  the  lime : 

One  stonebreaker,  conveying  screw  with  elevator,  one 
ball-mill,  tilting  waggons .      2882  80 

B  ds  Bi  Mixing  machines : 

Two  elevators,  two  intermittent-charge  mixing 
machines,  wagons,  two  continuous  mixing  machines, 
moistening  apparatus,  two  elevators 4082  40 

C.  Press  room : 

Two  endless  belt  conveyors,  six  mixing  machines,  six 
presses,  wagons,  moveable  platform 14774  40 

D.  Hardening  room: 

Three  hardening  boilers  with  pipes 7776  00 

£.     Boiler:    Two  steam  boilers  6054  40 

F.  Engine  house:    Steam  engine 2916  00 

G.  Shafting  and  pulleys ^ 2916  00 

H.    Lighting 1166  40 

I.     Unforseen,  sundries 2721  60 

$68040  00 
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To  bring  the  machinery  to  this  country,  excluding 
hardening  room  and  power  machinery,  would  cost  an  import 
duty  of  46  per  cent,  of  the  German  valuation ;  therefore,  we 
have 

A     $  2,332.80 

B    4,082.40 

C 14,774.40 

Total    $  21,189.60 

Duty  =  f 9,536.03  —  and  freight  and  transfer  charges 
will  bring  this  up  to  $10,000,  so  we  would  have  such  a  plant 
costing  in  this  country  about  f  78,000  equipped  with  German 
machinery.  This  alone  would  add  eight  cents  per  thousand 
to  the  cost  of  production. 

Figures  for  cost  of  production  B : 

AMESIOAN  CONDITIONS  OF  PRODUCTION. 

Sand  — 167  cubic  yards  @  7  cents $      11  00 

lime  — 13  cubic  yards  =  11  tons  @  4.00  per  ton  —  ( 13.00  if 
you  own  your  own  stone  and  burn  it  yourself) . . 

CJoal  —  3  tons  @  2.26 

Repairs 

Oils,  etc 

Forty  workmen  @  1.85 

Foreman  @  2.60 

Office  expenses 

Depreciation  and  interest,  \Q  % 


Selling  expenses  —  about  10% 


44  00 

6  76 

6  00 

3  00 

54  00 

2  50 

20  00 

20  00 

186  25 

16  00 

182  26 

According  to  the  estimate,  the  brick  could  be  put  on 
the  market  without  profit  at  4.55  per  1,000  when  machinery 
is  bought  in  Germany  and  with  a  plant  costing  f  80,000. 
However,  there  is  no  necessity  of  importing  machinery. 

A  plant  with  American  machinery  will  cost  about,  as 

follows : 

A  liberal  estimate  for  land  and  buildings,  I  think,  would 

fall  weU  within * $16,000  00 

One  wet  pan  ( 30  HP  ) 1,000  00 

One  Ball  mill  ( 6  HP )  or  other  arrangement 500  00 

Two  presses  4,400  00 

Two  pug  mills  (20  HP) 800  00 

Conveying  machinery 6,000  00 

Shafting  and  belting 3,000  00 
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One  100-HP  Corliss  engine 2,600  00 

Two  100-HP  boUers 2,000  00 

One  2B-HP  boiler 300  00 

Four  hardening  boilers,  7  diameter  by  00  long 8,000  00 

Placing  same  and  insulating  same 1,000  00 

Pipes  for  preliminary  heating 1,000  00 

Bailroad  tracks  and  unforeseen  expenses 4,600  00 

$60,000  00 

I  think  a  plant  satisfactory  in  every  way  could  be 
installed  for  |!50,000,  and  brick  produced  for  ^4.00  per  M., 
ready  for  market,  if  the  plant  was  favorably  located. 

At  any  rate,  it  is  safe  to  say  that  this  product  can  be  put 
on  the  market  as  cheap  as  pressed  brick,  since  the  losses  in 
manufacture,  in  a  plant  in  good  running  order^  do  not 
exceed  two  per  cent. 

I  have  purposely  made  estimate  of  cost  of  plant  rather 
high,  since  with  any  young  industry  there  is  more  or  less 
delay  and  expense  in  getting  everything  properly  adjusted. 
The  time  consumed  and  amount  of  this  expense  of  course 
-will  depend  on  the  ability  of  the  men  in  charge. 

I  have  used  the  figures  given  by  Mr.  Stoffler  since  they 
seemed  to  represent  about  the  average  of  several  estimates 
which  were  available  for  comparison. 

In  the  back  of  Mr.  Stoffler's  book,  **  Silico-Calcareous 
Sandstones,"  are  a  number  of  plates  giving  plans  of  various 
sand  brick  plants. 

The  plans  here  published  were  furnished  by  Mr.  Fred  C. 
Jenkins,  of  Hamburg,  Germany. 

The  plan  of  plant  here  given  is  not  one  which  would 
meet  our  requirements,  but  is  given  to  show  what  sort  of  a 
place  the  sand  brick  plants  now  operating  are.  The  illus- 
trations were  copied  from  advertising  matter,  because  they 
show  types  now  in  use. 

I  take  this  opportunity  to  acknowledge  my  indebtedness 
to  the  following  persons  for  much  valuable  information : 
Stahl  and  Eisen  Actein  Gesellshaft,  Hoerde,  Germany; 
C.  Luke,  Eilemburg,  Germany ;  Fred  C.  Jenkens,  Hamburg, 
Germany ;  Ernst  Stoffler,  Ziirich,  Switzerland ;  Sandstein- 
ziegelei- Paten te  Schwarz,  A.  G.,  Ziirich,  Switzerland  ;  Briich 
i         Kretschel  &  Co.,  Osnabruck,  Germany. 

'  18  Ccr 
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One  plant  has  been  started  in  this  country  and  two  more 
are  contemplated  soon. 

DISCUSSION. 

The  Chair:  We  have  with  us  this  morning,  Mr.  H.  E. 
Brown,  of  Coldwater,  Mich.,  a  cement  chemist^  who  is 
interested  in  the  sand  brick  industry,  and  who  has  taken  out 
patents,  I  believe,  in  connection  with  the  same. 

Mr.  H.  E.  Bfown  :  I  have  with  me  this  morning,  as  you 
will  see  on  the  table,  some  results  of  investigation  of  the  sand 
brick  question,  as  carried  out  in  the  laboratory  of  the  Michi- 
gan Portland  Cement  Company,  and  I  will  be  glad  to  have 
you  examine  them.  They  were  not  made  under  ideal  con- 
ditions, however,  because  all  had  to  be  done  by  hand  meth- 
ods, and  these  methods  could  not  be  just  exactly  the  dupli- 
cate of  those  which  would  be  carried  on  with  machinery. 

I  will  say  in  regard  to  Mr.  Peppel's  paper,  and  concern- 
ing cost  of  installation  of  a  plant,  that  I  think  he  has  been 
very  liberal  in  his  estimates  of  cost  of  installation  of  plants. 
From  some  few  figures  which  I  have  been  able  to  obtain 
from  builders  of  machines,  I  think  that  he  has  figured  very 
liberally,  and  a  person  would  have  quite  a  good  working 
capital  left,  if  he  had  fifty  thousand  dollars  in  his  pocket 
with  which  to  build  a  plant  to  make  40,000  brick  per  day 
under  my  patents. 

You  will  notice  in  the  tensile  tests  of  brickettes,  men- 
tioned in  this  paper,  that  they  were  as  high  as  600  pounds  to 
the  square  inch.  This  is  stronger  than  cement  brickettes. 
Brickettes  made  of  one  part  of  cement  and  three  of  sand  on 
a  seven-day  test,  usually  give  300  pounds  per  square  inch ; 
on  twenty  days*  test,  it  usually  runs  up  to  400,  450  or  500 
pounds.  A  brick  made  from  one  part  of  dolomitic  lime  and 
nine  parts  of  sand,  thirty-six  hours  after  being  made,  will, 
when  submitted  to  tensile  test,  give  about  a  uniform  test  of 
400  to  450  pounds  to  the  square  inch.  I  will  be  pleased  to 
answer  any  questions  as  to  the  details  of  the  business,  as  far 
as  I  am  able.  My  patents  have  not  as  yet  been  published, 
and  I  am  now  working  to  secure  a  better  knowledge  of  the 
actual  working  conditions  to  be  met  and  overcome. 


BACTERIAL  GROWTH  AS  A  FACTOR  DNf  AGEING 

CLAY  MIXTURES. 

BY 

EDWARD  C.  STOVER,  Tbbnton,  N.  J. 

The  ageing  of  clay  mixtures  before  use,  has  been  prac- 
ticed in  the  pottery  industry  so  long,  that  even  the  histories 
of  the  art  do  not  shed  light  on  when  it  was  first  begun.  It 
is  quite  likely  that  the  benefits  in  ''  ageing  "  mixtures,  like 
numerous  other  improvements,  was  first  discovered  accident- 
ally, centuries  ago ;  perchance,  some  sanguine  clay  worker 
had  his  fond  hopes  blasted  by  his  inability  to  use  some  new 
mixture  which  he  had  put  together  with  the  hope  of  improv- 
ing his  wares,  and  after  numerous  fruitless  efforts,  was  com- 
pelled to  cast  the  whole  batch  aside,  and  return  to  his  old 
mixtures.  Months,  and  perhaps  years  may  have  elapsed, 
when  a  series  of  conditions  arose  which  prevented  him  from 
getting  his  old  supply  of  materials,  and,  driven  by  a  press- 
ing demand  for  his  product,  he,  as  a  last  resort,  decided  to 
make  another  effort  with  the  old  abandoned  batch,  and  was 
astonished  to  find  that  it  not  only  worked  better  and  easier, 
but  that  he  had  less  loss  in  drying  and  firing  than  ever  before 
in  his  experience,  and  thus  the  discovery  may  have  been 
made.  It  has  been  said  that  the  ancient  Chinese  potters 
worked  up  the  mixtures  prepared  by  their  forefathers,  and 
and  that  they  in  turn  put  up  and  stored  away  the  mixtures 
for  the  next  generation. 

Be  this  true  or  not,  we  all  know  from  our  own  experi- 
ence, that  the  proper  ageing  of  clay  body  mixtures  greatly 
increases  plasticity,  and  lessens  cracking  in  drying  and 
firing,  and  the  questions  naturally  arise:  '*  What  has  taken 
place  during  this  process  of  ageing,  and  what  has  caused  this 
change  in  the  mixture  ?  "  The  answer  to  the  first  is  apparent : 
When  a  mixture  of  the  different  materials  is  first  made, 
certain  affinities  or  attractions  remain  unsatisfied,  so  to 
speak ;  they  are  attracting  or  in  search  of  other  affinities, 
which,  in  turn,  are  also  attracted  towards  them,  but  owing 
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to  their  location  in  the  mixture  they  are  unable  to  unite, 
and  thus  the  batch  is  truly  a  mixture  and  not  a  compound. 
Proper  ageing,  however,  results  in  a  re-adjustment,  as  it  were, 
and  the  searching  affinities  have  found  their  mates  and 
become  satisfied,  and  the  batch  has  become  a  compound. 

What  has  caused  the  change,  or  made  it  possible  for  the 
mixture  to  become  a  compound,  is  the  perplexing  ques* 
tion.  Having  given  this  subject  considerable  thought,  and 
after  making  numerous  experiments,  I  find  this  change  is  a 
fermentation  caused  by  bacterial  growth.  During  the  last 
few  years,  these  infinitesimally  small  organism  have  engaged 
the  attention  of  some  of  the  most  eminent  scientists,  and  by 
their  discoveries,  particularly  in  the  medical  field,  our  knowl- 
edge of  the  world  has  been  wonderfully  modified  and  en- 
larged. Quite  a  number  of  species  of  bacteria  have  been 
found  in  water  alone,  while  those  found  in  clays  and  soils 
number  hundreds. 

To  get  anything  like  definite  data  on  the  subject  in  hand 
would  require  months  of  constant  labor  in  bacteria  culture, 
and  the  examination  of  all  of  our  materials  used,  and  the 
elimination  and  classification  of  the  various  groups,  and  the 
determination  of  the  effects  on  each  of  nitrogen,  hydrogen 
and  the  other  common  gases  and  elements  generally,  and 
how  each  class  would  thrive  under  different  degrees  of  heat 
and  cold,  and  how  each  class  would  change  at  different 
intervals  of  time,  all  of  which  would  require  more  time  and 
attention  than  could  be  given  by  a  potter,  with  his  time  fully 
employed  each  day. 

As  is  well  known  and  established  by  the  works  of 
Pasteur,  Koch,  Cohn,  Tyndall,  and  many  others,  fermenta- 
tion  is  the  result  of  bacterial  growth.  Like  the  investigation 
of  almost  any  scientific  point,  that  may  seem  a  very  small 
one,  and  obscure  at  first  glance,  this  subject  on  investiga- 
tion, looms  up  with  innumerable  phases,  till  one  inexperi- 
enced in  bacteriological  work  is  at  a  loss  to  know  where  to 
begin. 

In  making  examination,  I  was  assisted  by  I.  M.  Shep- 
herd, A.  M.,  M.  D.,  a  graduate  of  the  University  of  Pennsyl- 
vania, and  A.  W.  Atkinson,  A.  B,  M.  D.,  a  graduate  of  the 
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Hahnemann  College,  Philadelphia,  Pa. ,  both  experienced  in 
bacteriological  work,  and  to  both  of  whom  I  am  indebted  for 
much  information  and  literature  on  the  subject. 

The  predominating  species  found  in  clay  mixture  is  be- 
lieved to  be  bacillus  sulphureum,  also  called  proteus  sul* 
phureus;  they  give  oflF  sulphuretted,  hydrogen  gas  (HjS). 
Their  development  is  facilitated  by  a  temperature  of  37 
degrees  C,  to  38  degrees  C,  which  is  equal  to  98.6  degrees  to 
100. 4  degrees  F. 

In  a  fresh  mixture  allowed  to  stand  in  the  slip  state,  the 
fermentation  will  be  completed  in  from  six  to  twelve  weeks, 
according  to  the  temperature  and  other  conditions,  without 
inoculation,  but  by  inoculation,  the  time  is  cut  down  to  two 
to  four  weeks  under  the  same  conditions. 

As  the  ageing  of  body  mixtures  is  mostly  done  in  damp 
cellars  when  clay  is  fresh  from  the  presses,  it  could  readily 
be  thoroughly  mixed  and  inoculated  by  pugging  and  adding 
at  the  top  of  the  pug  mill  a  small  stream  of  well  inoculated 
and  seasoned  slip  of  the  same  mixture.  Then  pack  away 
in  the  damp  cellar,  and  keep  constantly  warm  and  damp, 
but  not  moved.  In  this  way  the  full  benefits  of  a  proper 
ageing  could  be  accomplished  in  a  very  short  space  of  time, 
the  many  economies  of  which  are  obvious. 

DISCUSSION. 

Mr.  Stover:  I  want  to  say  that  Mr.  Paul  Gates  has  a 
microscope  and  some  fine  slides  in  his  room,  of  which  you 
can  get  some  idea  from  the  micro-photographs  which  I  have 
passed  around.  Plate  A.  shows  in  the  center  a  long  snake- 
like bacterium  about  ready  to  break  apart.  Plate  B.  shows 
a  number  of  very  small  parallelograms  clustered  together, 
evidently  parts  of  a  large  one  that  has  just  separated.  Plate 
C.  shows  a  number  of  the  small  parallelograms  scattered 
among  the  irregular  dark  marks.  The  former  are  bacteria, 
the  latter  are  the  particles  of  clay  substance.  Mr.  Gates 
extends  an  invitation  to  all  who  may  wish,  to  call  at  his 
room  and  see  these  little  fellows  in  motion ;  and  I  must  say 
that  my  own  ideas  were  very  much  less  clear  until  I  saw 
what  he  has  to  show.    I  made  several  efforts  to  get  some- 
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thing  tangible  to  bring  to  this  meeting,  but  did  not  succeed, 
and  I  feel  credit  is  due  to  Mr.  Gates  for  making  this  paper 
so  much  more  real  than  it  would  otherwise  be. 

Mr.  F.  W.  Walker:  I  am  more  and  more  impressed 
with  the  great  modesty  of  our  members,  and  those  who  have 
had  the  greatest  experience  are  the  most  modest.  This 
point  touches  the  white-ware  potter  particularly.  The 
brickmaker  weathers  his  clay  in  the  open  air,  under  condi- 
tions which  are  not  so  favorable  to  the  growth  of  bacteria. 
We  sometimes  think  our  cellars  should  be  kept  clean,  but 
Mr.  Stover  has  pointed  out  that  to  be  useful,  they  should 
purposely  be  kept  infected  with  bacterial  growth  all  the 
time. 

Mr.  S.  M.  Ferguson :  The  ageing  of  clays  is  a  big  thing 
in  reducing  potters'  losses.  Some  white  ware  potters  mix 
from  day  to  day^  and  have  great  losses ;  while  others  mix 
two  months  ahead,  and  thus  reduce  their  losses  wonderfully. 

Mr.  D.  C.  Thomas :  Sometime  ago  our  firm  began  using 
chemicals  to  wash  our  press  cloths  out.  I  was  rather 
surprised,  and  asked  why  it  was  done.  The  reply  was  that 
there  was  something  in  the  sacks  that  destroyed  them.  I 
commenced  making  inquiries,  and  learned  that  a  chemist  for 
some  southern  clay  firm  had  reported  that  he  had  found 
bacteria  in  the  clays.  And  that  the  bacteria  were  what  was 
destroying  the  sacks.  I  began  then  to  think  that  perhaps 
this  question  might  have  some  bearing  upon  the  ageing  of 
clays.     I  had  no  proof,  but  I  had  my  own  opinion. 

Mr.  S.  M.  Ferguson:  At  one  time,  we  had  about  twelve 
presses  of  slip,  which  were  left  in  the  agitator  for  about  a 
month,  owing  to  a  sudden  shut-down.  When  we  started,  we 
pumped  it  into  the  presses^  and  it  destroyed  a  bran  new  set 
of  sacks  entirely.  They  were  no  good  at  all  after  pumping 
those  twelve  presses  of  slip.  The  sacks  were  practically 
gone.  The  only  way  we  could  account  for  it  was  from  the 
ageing  of  the  slip.  It  was  blue  when  it  came  from  the  press, 
but  it  should  been  a  white  mixture.  It  was  an  excellent 
clay.  The  hands  all  said  the  body  had  been  changed.  I 
said  it  had  not,  but  tbey  insisted  it  had,  for  the  clay  was 
now  blue,  and  smelled  bad  ;  in  fact,  the  clay  was  practically 
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rotten.  But  in  the  evening  of  the  first  day,  every  person 
was  telling  me  the  results  of  the  day's  work.  Every  one 
said  that  they  had  better  results,  less  cracking,  &c. ,  and  the 
clay  worked  extra  well.     But  it  was  hard  on  the  press  cloths. 

Mr,  John  Stamm:  We  are  of  the  same  opinion  as  Mr. 
Ferguson.  We  always  try  to  keep  the  cellar  full  of  clay. 
The  older  it  is  the  better,  and  the  less  loss  we  have.  That 
is  the  way  we  find  it. 

Mr,  Stover:  There  is  one  point  I  want  to  make  — 
having  been  convinced  that  the  little  creature  is  there,  we 
want  to  use  him  to  the  best  advantage.  We  all  know  that  if 
we  get  a  six  month's  supply  of  clay  ahead,  and  there  is  any 
mistake,  it  is  a  good  deal  of  loss.  But  if  we  could  accomplish 
the  desired  results  by  adding  a  well  inoculated  slip  in  the  pug 
mill,  and  thus  get  the  clay  in  the  proper  condition  to  pro- 
mote the  most  rapid  fermentation,  I  believe  in  two  or  three 
weeks'  time  we  could  get  a  body  which  would  be  as  mellow 
and  ripe,  so  to  speak,  as  we  now  get  in  several  months'  time. 

Mr.  S.  G,  Burt:  We  have  had  this  topic  up  for  discus- 
sion sometime  ago  in  the  society.  The  idea,  as  Seger  expresses 
it,  is  that  as  your  clay  stands  in  ageing,  it  gradually 
developes  an  acid.  I  do  not  think  he  went  so  far  as  to  get 
to  the  point  of  bacterial  growth.  What  he  clearly  claims, 
and  I  think  proves,  is  that  it  is  this  development  of  acid 
which  actually  brings  about  plasticity.  He  gives  examples 
of  it  by  testing  clay  with  a  little  sodium  hydroxide  in  it, 
which  would  not  settle  for  a  long  time,  and  when  it  did,  was 
very  weak  or  tender.  He  prepared  another,  I  think,  with 
acetic  acid,  which  so  increased  the  toughness  of  the  clay  as 
to  make  it  stand  working  extra  well. 

If  these  animaculae  are  going  to  produce  sulphuretted 
hydrogen,  they  will  have  to  draw  the  sulphur  from  the 
pyrites  present.  It  does  not  throw  any  light  on  the  acid 
formation.  I  don't  know  what  organic  acid  they  could 
create,  or  whether  there  is  any  direct  connection  between 
the  formation  of  acid,  and  the  bacteria ;  but  Seger  has  shown 
that  the  formation  of  an  organic  acid  is  the  direct  cause  of 
increased  plasticity  in  the  clay,  which  is  a  great  benefit  to 
the  potter.  Mr.  Stover  and  Mr.  Ferguson's  contributions 
seem  to  connect  this  acid  formation  with  bacterial  life. 
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Mr,  W.  D.  Gates:  I  hate  to  differ  with  my  learned 
brothers  on  these  matters.  My  impression  was  that  we 
might  cultivate  this  bacterial  growth  by  changing  the  chem- 
cal  conditions,  as  much  as  by  changing  conditions  of  temper- 
ature— possibly  more  so.  The  experiments  that  we  have 
conducted  show  that  with  alkaline  conditions  the  bacterial 
growth  in  our  slip  was  greatly  increased ;  with  acid  condi- 
tions, bacterial  growth  was  destroyed. 

Another  theory  of  mine  is  that  the  plasticity  does  not  so 
much  depend  upon  the  acid  condition,  as  upon  a  gelatinous 
secretion  made  by  the  bacteria  in  the  slip.  It  seems  to  me 
that  a  wide  study  of  this  would  be  abundantly  interesting. 
I  think  the  most  favorable  conditions  can  be  controlled,  not 
only  by  atmospheric  and  heat  conditions,  but  also  by  chem- 
ical conditions  of  acidity  or  alkalinity ;  and  that  by  regulat- 
ing these  conditions,  we  can  handle  this  fermentation  much 
as  we  please.  I  think  you  will  all  be  interested  in  looking 
at  these  microscopic  exhibits.  They  are  certainly  open  to 
you,  and  I  think  will  come  cheaper  to  you  than  they  did  to 
me,  perhaps. 

Afr.  Stover:  Just  a  word  as  to  what  Mr.  Burt  said  as 
to  acid  conditions.  Immediately  on  finding  sulphuretted 
hydrogen,  the  question  arose  as  to  where  we  got  the  sulphur. 
Then  came  the  question,  couldn't  we  get  the  same  results  by 
adding  a  dilute  solution  of  sulphuric  acid.  We  took  some 
fresh  white  mixture  that  had  not  been  inoculated,  sterilized 
it  first,  so  as  to  be  sure  there  would  be  nothing  alive  in  it  to 
start  with,  and  added  a  diluted  solution  of  sulphuric  acid 
with  the  hopes  of  doing  the  same  thing  quicker.  I  thought 
if  we  could  get  the  result  this  way  in  half  an  hour  we  could 
abandon  the  clay  cellar.  But  I  iound  it  would  not  do  it. 
But  a  small  amount  of  the  dark  blue  slip-mixture  placed  in 
some  of  this  same  sterilized  material  gave  the  full  benefits  of 
ageing  in  a  very  short  space  of  time. 
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BRICK  PLANT. 

BY 

WILLARD  D.  RICHARDSON,  Cleveland,  O. 

While  the  American  Ceramic  Society  must  be  concerned 
chiefly  with  the  higher  branches  of  clay  working  in  which 
there  is  a  greater  scope  for  science  and  art,  yet,  we  who 
are  permitted  to  enjoy  membership,  even  though  engaged  in 
the  more  common  and  less  skillful  department  of  brick- 
making,  expect  some  light  to  be  shed  upon  the  obscure  and 
uncertain  places  in  our  path,  some  investigations  to  be  made 
by  the  society,  some  facts  to  be  brought  out  at  these  meet- 
ings that  will  result  in  more  exact  and  definite  knowledge  of 
the  processes  we  employ. 

That  noble  man,  that  eminent  ceramic  technologist.  Dr. 
Herman  H.  Seger.  did  not  confine  his  investigations  to  the 
problems  of  the  potter,  but  gave  much  of  his  time  to  the 
study  of  the  processes  of  the  brickmaker ;  and  the  results  of 
his  labors,  which  our  society  is  about  to  make  accessible  to 
the  clayworkers  of  America,  are  as  valuable  a  contribution 
to  us  who  are  making  the  common  and  homely  brick  as 
to  you  who  are  making  the  beautiful  and  artistic  pottery 
wares. 

So  we  brickmakers  are  greatly  benefitted  by  our  con- 
nection with  this  society,  though  we  can  give  little  in  return 
for  what  we  receive.  We  pay  our  dues  and  attend  these 
meetings  and  listen  to  the  learned  discussions  of  your 
scientific  clayworkers,  and  absorb  and  assimilate  what  we 
can,  and  are  stimulated  to  better,  more  progressive  work 
and  perhaps  thereby  be  enabled  to  enlarge  our  sphere  of 
action. 

For  my  part,  I  would  not  presume  to  take  up  the  time 
of  this  meeting  with  what  I  have  to  offer,  but  our  secretary 
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has  assumed  the  responsibility  of  placing  me  upon  the  pro- 
gram, and  I  am  pleased  to  have  the  honor  of  presenting  a 
set  of  plans  that  I  have  made  for  the  construction  of  a  plant 
for  the  manufacture  of  sewer  and  paving  brick.  The  draw- 
ings have  been  made  in  such  detail  by  architectural  draughts- 
men that  very  little  explanation  is  necessary.  My  experi- 
ence has  taught  me  that  before  starting  to  build,  it  pays  to 
have  every  detail  carefully  drawn  out  on  paper.  However 
well  one  may  have  thought  out  or  sketched  out  his  plans, 
when  he  comes  to  assemble  the  complete  details,  he  will  run 
up  against  some  conflicting  arrangements  and  be  obliged 
to  make  many  changes,  as  one  change  generally  leads  to 
another.  It  is  much  cheaper  to  make  these  changes  before- 
hand, on  paper,  than  in  wood  and  iron  and  brick  after  the 
building  has  been  begun. 

In  planning  a  brick  plant,  due  consideration  must  be 
given  to  the  special  purpose  of  the  proposed  establishment, 
and  to  the  special  local  conditions,  such  as  the  size  and 
topography  of  the  site  for  the  building,  the  location  of  the 
clay  and  the  railroad,  etc.  These  local  conditions  must 
always  determine  to  a  greater  or  les^  degree,  the  general 
plan  to  be  adopted. 

The  plans  herewith  presented  are  for  a  paving  brick 
plant,  which  it  is  expected  will  be  built  in  the  spring,  about 
one  mile  south  of  this  city.  The  shale  to  be  used  is  situated 
above  the  level  of  the  factory,  to  which  it  will  be  conveyed 
by  a  gravity  railway.  The  direction  from  which  the  shale 
must  come  is  directly  opposite  to  that  from  which  must 
come  the  spur  from  railroad  for  receiving  coal  and  shipping 
brick.  These  facts  necessarily  influenced  me  in  settling 
upon  the  general  arrangement  of  yard. 

I  will  describe  briefly  the  equipment  of  the  plant  shown 
on  the  drawings : 

The  cars  of  shale  enter  the  factory  at  an  elevation  of 
twenty-two  feet  and  are  dumped  into  hoppers  built  so  that 
one  man,  by  operating  gates  from  below,  can  attend  to  the 
feeding  of  three  or  four  drypans,  —  or  the  shale  can  be 
dumped  outside  of  the  hoppers  in  the  storage  room  and 
fed  to  pans,  in  stormy  weather,  in  the  usual  manner. 
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These  pans  are  placed  in  the  pulverizing  room  back  of 
the  press  room  in  a  row  on  a  line  parallel  with  the  general 
progressive  movement  of  the  clay  and  brick,  so  that  the 
clay  is  easily  conveyed  from  the  screens  to  a  central  hopper 
for  feeding  to  pug  mills. 

The  simple  stationary  inclined  screens  are  used,  the 
clay  being  elevated  from  pans  to  sufficient  height  to  permit 
of  these  screens  being  twenty-four  feet  long.  The  width  of 
each  screen  is  six  feet,  and  in  order  to  secure  a  uniform  dis- 
tribution over  the  surface  of  so  wide  a  screen,  the  clay  is 
dumped  from  elevators  into  an  U  trough  conveyor  having 
an  adjustable  slot  in  bottom,  over  the  screens.  The  tailings 
from  the  screens  pass  to  the  shale  hoppers  instead  of  directly 
to  the  pans.  The  screened  clay  is  collected  at  the  foot  of 
the  screens  by  a  conveyor  that  carries  it  to  the  hopper  above 
the  press  room. 

The  hopper  for  fine  clays  is  in  an  upper  room  separated 
from  the  press  room  by  dust-tight  partition  and  floor,  the 
lower  part  of  the  hopper  projecting  through  this  floor  into 
the  press  room,  and  above  and  between  the  pug  mills.  This 
hopper  is  also  an  automatic  feeder,  supplying,  when  in 
operation,  a  constant  uniform  quantity  of  clay  to  the  pug 
mills,  making  uniform  tempering  an  easy  matter.  The 
capacity  of  this  hopper  and  feeder  is  sufficient  for  the  two 
largest  pug  mills  shown  on  drawing.  These  pug  mills  are 
placed  back  to  back,  at  right  angles  to  brick  machines,  for 
convenience  in  receiving  and  discharging  clay. 

The  brick  machines  are  the  standard  auger  type,  largest 
size,  with  automatic  cutting  tables  and  separating  belts. 

In  this  special  factory,  one  machine  is  to  be  used  for 
making  sewer  and  building  brick,  not  repressed,  and  the 
other  for  the  large  size  paving  block  demanded  in  this 
market.  With  the  latter  machine  is  shown  one  double  die 
repress  with  capacity  probably  sufficient  for  this  factory, 
when  making  these  large  blocks. 

The  cars,  loaded  from  the  separating  belt  or  repress, 
pass  to  a  transfer  track,  just  back  of  the  machines  at  the 
rear  of  the  press  room,  and  thence  to  the  receiving  tracks  of 
the  dryer. 
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The  power  is  transmitted  to  machinery  by  a  line  shaft 
extending  through  tlie  center  of  the  building  and  supported 
upon  cast  iron  columns  with  brackets  cast  upon  them. 

The  boiler  room  is  situated  at  the  lower  end  of  dryer, 
at  the  head  of  the  kilns,  for  convenience  in  receiving  fuel 
and  in  furnishing  steam  for  blower  engine,  and  so  as  to 
utilize  the  combustion  gases  for  dryer,  if  desired,  and  also 
exhaust  steam.  The  boilers,  of  the  water-tube  type,  have 
induced  artificial  draft,  being  connected  so  as  to  be  operated 
by  separate  fan  discharging  into  atmosphere,  or  by  the  dryer 
fan  discharging  into  dryer. 

The  engine  room,  between  the  boiler  room  and  the 
press  room,  contains  a  250  H.  P.  Corliss  engine  for  running 
the  factory,  and  an  automatic  engine  for  running  generator, 
dryer  fans  and  machine  tools.  The  machine  tools  situated 
in  engine  room  are  lathe,  planer  and  drill  press.  The 
generator  is  for  running  motors  that  operate  fans  for  induced 
draft  of  kilns  and  also  for  lighting. 

The  buildings,  you  will  notice,  are  practically  fire-proof, 
the  walls  of  brick  and  the  roof  framing  of  steel.  This  roof 
frame  is  covered  with  matched  pine  one  and  three-fourth 
inches  thick  and  upon  this,  slate  or  roofing  tile.  The 
underside  of  the  wood,  between  the  rafters,  is  to  be  covered 
with  two  coats  of  lime  whitewash,  or  other  fire  resisting 
paint.  The  floors  are  mostly  of  concrete  and  nearly  all  posts 
and  beams  of  iron. 

The  dryer,  constructed  for  the  most  part  in  the  usual 
manner,  consists  of  a  series  of  tunnels  separated  by  brick 
walls  —  each  tunnel  containing  two  tracks  100  feet  long. 
The  receiving  tracks  are  twenty-three  feet  long  and  the 
cooling  tracks  forty-four  feet  long.  The  construction  of  the 
dryer  is  absolutely  fire-proof,  the  roof,  of  course,  being 
the  special  feature.  Upon  the  top  of  the  division  walls, 
which  are  six  feet  and  nine  inches  between  centers,  is  con- 
structed four  inches  of  concrete,  made  from  vulcanite  cement, 
gravel  and  coal  cinders,  reinforced  with  a  net  work  of  iron 
strips.  Upon  this  concrete  is  a  course  of  hollow  book  tile 
laid  in  cement,  and  upon  the  tile  is  a  gravel  roof,  the  felt 
being  stuck  to  the  tile.    This  roof  slopes  from  the  receiving 
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end  of  the  dryer  to  within  ten  feet  of  the  discharge  end, — 
one-fourth  inch  to  the  foot,  this  being  the  slope  of  the  track 
in  the  tunnels.  The  last  ten  feet  of  roof  at  the  discharging 
end  is  built  up  to  slope  backwards,  forming  a  valley.  In 
this  valley  are  openings  into  4-inch  conductor  pipes  laid  in 
each  wall,  and  passing  downward  to  the  sewer  pipe  drain 
below. 

The  special  feature  in  addition  to  the  roof  construction 
is  the  slope  of  one-fourth  inch  to  the  foot  in  the  tracks  from 
the  receiving  end,  the  last  ten  feet  being  level,  and  the 
method  of  moving  the  cars  through  the  tunnels.  The 
details  of  this  latter  are  not  shown  on  these  plans,  but  can  be 
briefly  described. 

The  cars  are  coupled  together  automatically  when 
placed  in  the  dryer,  so  as  to  insure  no  break  in  their  ranks 
as  they  move  by  gravity  down  the  decline.  At  the  bottom 
of  the  decline  is  a  device  for  braking  and  stopping  the  cars. 
By  throwing  a  lever  just  outside  the  entrance  of  the  tunnel, 
the  forward  car  on  any  track  is  disengaged  and  the  car  back 
of  it  is  blocked.  After  the  forward  car  is  removed,  the  lever 
is  reversed  and  the  other  cars  let  down  and  blocked,  each 
car  being  uncoupled  automatically  about  ten  feet  from  the 
end  of  the  dryer.  Thus  one  car  is  always  free  to  be  removed 
from  dryer,  and  a  car  can  be  put  into  dryer  at  receiving  end 
without  the  necessity  of  pushing  other  cars. 

The  heat  for  drying  is  obtained  from  cooling  kilns  by 
means  of  a  fan — the  distribution  of  heat  being  in  the  usual 
manner.  The  special  feature,  however,  is  that  the  saturated 
air  is  removed  from  the  dryer  through  an  underground  flue 
by  means  of  a  fan  coupled  with  the  fan  that  furnishes  the 
hot  air,  both  fans  being  upon  the  same  shaft  and  driven  by 
the  same  belt,  the  driving  pulley  being  in  the  boiler  room 
upon  the  shaft  extending  from  the  engine  room. 

In  making  plans  for  a  brick  plant,  especially  for  the 
manufacture  of  paving  brick,  one's  chief  study  must  be  in 
designing  the  kilns  for  burning.  In  no  other  department  of 
brick  making,  is  there  greater  need  of  improvement,  not- 
withstanding the  large  number  of  patented  kilns  on  the 
market.     Many  of  these  patent  kilns  possess  positive,  dis- 
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tinct  points  of  merit  and  are  well  adapted  for  special  situa 
tions,  but  the  trouble  is  that  each  advertiser  recommends  hi 
kiln  for  all  purposes  and  situations.  However,  I  could  fiti< 
no  kiln  advertised  that  would  meet  my  requirements  for  t 
modern  paving  brick  plant. 

The  kiln  for  my  purpose  must  have  the  following  fea^* 
tures : 

1.  Down  draft. 

2.  Uniform  distribution  of  heat. 

3.  Economical  in  operation,  saving  fuel,  labor  and[^ 
time,  and  so  constructed  as  not  only  to  utilize  waste  heat^^ 
from  cooling  kilns  for  transmission  to  dryer,  or  for  heatin 
air  for  combustion  in  kiln  furnaces,  but  also  it  must  utilized 
the  waste  heat  escaping  from  the  hot  burning  kilns  in  heat-*^ 
ing  up  other  kilns.  In  other  words,  it  must  have  the^ 
advantages  of  the  continuous  kiln^  without  its  disad* 
vantages. 

4.  Durability  —  costing  little  for  repairs. 
The  first  question  to  be  determined  was  whether  to  have  ' 

separate  kilns,  each  of  which  could  be  burned  independently, 
if   desired,   or  to  have  the  several  ovens  or  chambers  so 
placed  in  juxtaposition  as  to  preclude  one   being   burned 
independently  of  the  others.     I  was  influenced  somewhat 
in  this  by  the  judgment  of  friends  who  have  had  large  ex- 
perience with  continuous  kilns,  and  also  by  the  fact  that  in  | 
building  separate  kilns,  I  would  be  following  along  the  line 
of  my  previous  practice,  and  would  feel  more  confident  of 
such  results  as  I  wish  to  obtain.    I  do  believe,  however,  that 
a  continuous  kiln  can  be  built  that  will  be  highly  satisfactory   i^ 
for  paving  brick. 

Having  decided  upon  separate  kilns,  the  next  point  to 
determine  was  the  form  of  the   kiln  —  whether  round  or 
rectangular.     My  experience  with  both  forms  enabled  me  to    *iSi 
decide  at  once  in  favor  of  the  round  kiln,  chiefly  for  two 
reasons : 

1.  Because  the  round  kiln  is  less  expensive  in  first  cost 
and  especially  in  repairs. 

2.  Better  distribution  of  heat  and  fewer  underbumed 
brick. 
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The  stack  question  came  up  next  for  consideration  — 
whether  one  or  more  stacks,  and  where  situated.  You  will 
notice  that  I  decided  upon  the  single  stack  in  center  of  kiln. 
The  advantage  of  this  arrangement  are : 

1.  High  temperature  of  stack,  hence  a  low  stack. 

2.  Heating  up  the  stack  from  the  first  firing  means  a 
strong  draft  in  the  early  part  of  burning,  giving  freedom 
from  whitewash  and  shortening  of  time  of  burning. 

3.  A  kiln  of  larger  diameter  with  hard  brick  to  the 
center. 

The  disadvantage  of  stack  in  center  of  kiln  are : 

1.  Inconvenience  in  setting. 

2.  Space  occupied  in  kiln. 

These  disadvantages  I  have  found  not  so  great  as  I  first 
thought.  The  stack  in  the  center  of  a  large  kiln  is  not  much 
in  the  way  —  in  fact,  hardly  more  in  the  way  than  a  stack  in 
any  other  place.  The  space  occupied  in  the  kiln  is  for  a' thirty- 
foot  kiln  only  about  two  per  cent,  of  the  inside  kiln  space 
and  for  a  thirty-six-foot  kiln,  about  one  and  one-half  per 
cent. 

The  special  feature  of  the  kilns  for  this  plant  is  the 
system  of  utilizing  the  hot  gases  escaping  from  the  burn- 
ing kilns  for  heating  up  other  kilns,  and  likewise  of  using 
the  cooling  kilns  for  heating  the  air  for  combustion.  To 
accomplish  this  the  kilns  are  connected  by  an  underground 
flue,  extending  from  the  center  of  each  kiln  to  a  circular 
distributing  flue  in  the  next  kiln  ahead.  This  circular  flue 
is  in  the  hub  of  the  kiln,  with  openings  into  each  fire  box, 
adjustable  by  dampers*  The  movement  of  the  gases  is 
induced  by  a  fan  connected  to  the  stack  of  any  kiln  by  a 
cylindrical  steel  flue,  as  shown  in  drawing.  The  fan  is 
portable,  being  erected  upon  a  car  moved  along  an  elevated 
track  between  two  rows  of  kilns  and  operated  by  an  electric 
motor  directly  connected. 

I  calculate  in  this  manner  to  be  able  to  draw  the  heat 
from  a  hot  kiln  through  at  least  two  other  kilns  and  that  by 
the  time  that  the  kiln  under  fire  is  finished,  the  kiln  just 
ahead  will  be  partially  or  wholly  incandescent,  so  that  heavy 
fires  can  be  put  into  the  furnace  at  once.    There  will  thus 
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not  only  be  a  saving  in  fuel,  but  a  considerable  saving  also 
in  the  time  of  burning. 

Whether  I  accomplish  all  that  I  expect  by  this  system 
or  not,  I  am  confident  that  I  can  accomplish  enough  to  more 
than  pay  for  the  additional  expense  of  construction.  How- 
ever, each  kiln  can  be  burned  independently  by  natural 
draft,  if  desired. 

Now,  gentlemen  of  the  American  Ceramic  Society,  I 
have  given  you  the  result  of  my  thought  and  experience 
upon  the  subject  assigned  me.  I  have  no  interest  in  influenc- 
ing anyone  to  adopt  any  of  the  suggestions  I  have  made.  I 
have  tried  to  do  my  duty  in  presenting  this  paper,  and  I  hope 
to  have  the  benefit  of  your  criticisms. 

DISCUSSION. 

Mr.  Lemon  Parker:  How  much  grate  surface  do  you 
provide  as  compared  with  the  size  of  the  kiln  ? 

Mr.  Richardson:  I  have  not  gone  into  many  of  the 
details,  because  I  did  not  know  whether  it  would  be  of 
sufficient  interest  to  those  who  would  listen  to  it.  There  is 
really  no  grate  surface  at  all.  These  are  thirty-six  foot  kilns, 
with  twelve  furnaces  to  each  kiln.  The  fire-hole  is  two  feet 
wide,  without  grate  bars.  As  shown  in  the  plans,  the  firing 
door  is  covered  in  the  usual  manner  with  a  fire  clay  slab, 
reinforced  with  iron  bands.  The  coal  is  thrown  upon  a  cok- 
ing table,  made  partly  of  cast  iron  and  partly  of  fire-clay  tile 
and  shoved  down  upon  the  fire  just  before  a  fresh  supply  of 
coal  is  added.  A  furnace,  similar  to  this,  is  used  quite  a 
good  deal  .in  Ohio,  but  this  drawing  here  is  not  exactly,  per- 
haps, as  I  would  make  it  for  this  kiln.  Since  this  drawing 
was  made,  I  have  built  furnaces  which  I  think  are  better 
than  these.  But  they  are  built  on  the  same  principle  — 
down-draft  furnaces,  with  a  coking  table  and  no  grate  bars. 

Mr,  Parker:  We  use  fourteen  fire  boxes  for  a  twenty- 
five  foot  kiln. 

Mr,  Richardson:  Many  people  will  not  use  as  many  fire 
boxes  as  I  have  shown  here.  I  never  built  a  kiln  larger  than 
thirty  feet ;  on  that,  I  used  ten  fire  boxes,  and  had  no  trouble  ^^^^:ii:r^ 

in  getting  plenty  of  heat  in  the  kiln. 
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Mr.  Parker:    What  cone  did  you  bum  to  ? 

Mr.  Richardson :  In  the  kilns  I  referred  to,  we  burned 
iron  mottled,  fire-flashed  brick,  cone  eight  down,  on  the 
bottom. 

Mr.  Parker:    We  bum  cone  ten. 

Mr.  Richardson :  That  is  a  higher  temperature  than  is 
usually  required  in  the  brick  business.  Still  there  would  be  no 
difficulty  in  getting  that  temperature.  But  probably  if  you 
require  that  temperature,  it  would  be  well  to  have  wider 
furnaces,  or  more  of  them. 

Mr.  J.  Parker  B.  Fiske:  I  have  been  exceedingly  inter- 
ested in  this  paper  and  in  the  drawings,  not  only  on  account 
^  their  technical  value,  but  because  it  seems  to  me  this 
paper  marks  an  era  in  the  brick  manufacturing  world.  We 
have  had  presented  here  a  carefully  prepared  set  of  plans  for 
a  brick  plant,  based  on  an  experience  of  many  years  in  brick 
manufacture,  and  worl(ied  out  by  a  competent  engineer.  The 
UEiechanical  engineer  up  to  the  present  time  has  not  applied 
himself  very  largely  to  the  designing  of  complete  clay- 
working  establishments,  particularly  those  for  manufacturing 
brick. 

The  manufacturer,  as  a  rule,  has  had  to  gather  such 
points  as  he  could  from  his  neighbors,  coupling  with 
these  his  own  experience,  and  then  with  a  very  meagre 
set  of  plans  (if  any  at  all),  has  had  to  commence  the  con- 
struction of  his  plant.  And  I  venture  to  say  that  the 
average  brick  plant,  which,  like  Topsy,  just  grows,  without 
any  predetermined  plan,  is  hardly  ever  well  commenced 
before  the  builder  finds  that  some  things  are  wrong,  some 
parts  don't  work  together  to  advantage,  and  he  wishes  he 
had  built  differently. 

Now,  the  building  of  any  large  manufacturing  establish- 
ment today,  outside  of  brick-making,  is  rarely  ever  under- 
tfllken  without  the  most  careful  consideration  of  every 
feature  entering  into  the  construction  and  operation  of  the 
pltfnt.  A  modern  steel  or  cotton  plant  is  designed  by  the 
iBOSt  competent 'engineers  before  anything  else  is  done.  I 
believe  that  the  losses  which  the  brick  manufacturer  suffers 
today,  more  or  less  in  every  plant,  are  largely  due  to  the 
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fact  that  the  whole  arrangement  is  not  carefully  considered 
on  paper,  before  building  is  attempted.  Now,  of  course,  no 
matter  how  carefully  a  plant  is  worked  out  on  paper,  there 
will  be  some  things  discovered  during  the  process  of  con- 
struction on  which  should  be  altered ;  but  with  a  careful 
consideration  in  advance  of  every  feature  of  the  complete 
plant,  as  in  this  case,  from  the  arrival  of  the  raw  clay  to  the 
finished  product,  there  cannot  fail  to  result  economy  of  labor, 
economy  of  fuel,  and  cost  of  maintenance  far  ahead  of  that  in 
a  plant  otherwise  erected. 

There  are  many  points  about  this  plan  in  which  I  am 
interested,  and  which  I  would  like  to  discuss  with  Mr.  Rich- 
ardson, but  I  will  not  take  the  time  of  the  society  for  that 
I  would  like  to  ask  one  or  two  questions,  however :  One  is, 
what  particular  advantage  Mr.  Richardson  sees  in  the 
arrangement  of  isolated  kilns,  coupled  together  for  continu- 
ous operation,  over  the  construction  of  a  kiln  where  the 
chambers  are  all  built  in  one  structure  and  operated  con- 
tinuously ? 

Mr.  Richardson :  Well,  as  I  stated  in  my  paper,  I  do 
believe  that  a  continuous  kiln  can  be  specially  designed  to 
burn  successfully  any  kind  of  product.  But,  in  making 
plans  for  a  plant  in  which  you  are  to  put  your  own  capital 
and  that  of  your  friends,  you  feel  that  you  dare  not  be  too 
radical  for  fear  that  something  might  be  wrong  somewhere. 
I  have,  in  fact,  gone  all  over  that  question,  I  have  been 
first  on  one  side  and  then  on  the  other,  and  I  have  tried  to 
include  the  advantages  of  both  systems  as  far  as  possible. 
The  advantage  of  this  plan  is  that  any  kiln  can  be 
burned  separately,  independent  of  the  rest  of  the  plant 
whenever  it  is  desired  to  reduce  the  output  or  to  make 
repairs;  and  also,  that  for  paving  bricks,  probably  better 
results  can  be  obtained.  The  vitrification  and  proper  anneal- 
ing of  paving  brick  no  doubt  can  be  done  in  a  continuous  kiln, 
but  there  were  too  many  questions  in  my  case  as  to  just  how 
it  was  best  to  do  it,  and  whether  it  would  be  a  decided  suc- 
cess. I  know  the  continuous  kiln  is  being  used  for  paving 
brick  in  a  few  places,  but  to  the  best  of  my  information,  not 
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as  successfully  as  the  down-draft  kiln.  It  may  be  owing  to 
the  fact  that  the  continuous  kiln  is  not  properly  designed  for 
this  special  purpose.  I  am  a  little  inclined,  myself,  to  go 
wholly  into  the  continuous  kiln  line,  but  have  been  afraid  to 
take  the  risk  in  such  a  plant  as  I  have  here  designed  and 
where  all  depends  on  the  efficiency  of  the  single  kiln  system. 
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LEAD  ttUTTS  AND  tHEiR  ADAPTATION  TO 

POTTERY  GLAZES. 

BY 

WIIiTON  P.  RIX,  New  Cabtus,  England. 

The  attention  of  the  Bnglish  potters  has  of  late  been 
directed  to  the  relative  value  of  lead  in  a  raw  and  fritted 
state,  by  the  proposal  to  enforce  regulations  forbidding  the 
use  of  raw  lead  in  the  manufacture. 

Statistics  support  the  statement  made  that  the  use  of 
fritted  lead  reduces  the  noxious  quality  of  the  glaze,  but  it 
has  been  shown,  beyond  doubt,  that  in  order  to  obtaia  com- 
plete freedom  from  plumbism,  it  is  necessary  that  the  lead 
contained  in  the  fritts  used  should  be  insoluble  in  dilute 
hydro-chloric  acids  ;  that  is,  that  the  lead  should  be  present 
only  in  the  form  of  bisilicate  or  compound  silicates  comply- 
ing with  the  above  tests. 

This  matter  has  really  assumed  still  greater  importance 
owing  to  the  comparative  failure  of  the  attempts  made  by  a 
number  of  the  Bnglish  earthenware  manufactures  to  obtain 
satisfactory  leadless  glazes,  capable  of  being  worked  under 
the  ordinary  conditions.  The  average  loss  has  been  found 
considerably  greater  with  the  use  of  such  glazes  than  in  the 
case  of  those  containing  lead,  owing  to  the  greater  care 
required  in  the  manipulation  and  firing  such  glazes. 

In  attempting  the  substitution  of  fritted  lead  glazes  for 
those  compounded  with  raw  lead,  various  important  consid- 
erations arise  with  regard  to  their  adoption.  These  relate 
to  apparent  disadvantages  which  has  been  raised  against 
them;  also  to  the  possibility  of  adjusting  the  fritts  to  the 
present  requirements  of  the  various  branches  of  the  trade. 

The  objections  may  be  summed  up  as  follows : 

First.  The  additional  cost  involved  in  fritting  as  regards 
fuel,  wear  and  tear  and  labor. 

Second,  The  loss  of  lead  by  evaporation  and  absorption 
in  kiln  fritting. 
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Third.  The  difficulty  of  producing  insoluble  fritts  of 
sufficient  fluidity  to  allow  of  their  introduction  into  the 
softer  glazes,  without  a  sacrifice  of  the  brilliancy  and  sound- 
ness of  the  glaze. 

Fourth.  The  increase  of  the  difficulty  of  manipulating 
and  firing  such  glazes. 

With  the  adjustments  of  such  fritts  to  the  present  glazes 
and  conditions,  the  question  at  issue  may  be  stated  as 
follows  : 

The  continental  potters  appear  to  have  realized  that  the 
use  of  fritted  lead  assists  the  immunity  of  the  lead  worker 
from  plumbism ;  indeed  many  of  them  have  adopted  fritting 
with  promising  results,  while  a  few  of  the  most  important 
works  have  produced  glazes  from  fritts  of  very  low  solubility. 

The  temperatures  at  which  such  continental  earthen- 
ware glazes  are  matured  vary  from  06  to  01.  The  temper- 
ature for  maturing  English  earthenware  glazes  varies  from 
code  05  to  cone  03.  The  percentage  of  lead  used  in  English 
earthenware  glazes  varies  from  18  per  cent,  to  25  per  cent. 
The  percentage  of  lead  used  in  English  china  glazes  varies 
from  3  per  cent,  to  20  per  cent.  The  percentage  of  lead 
used  in  English  majolica  glazes  is  from  35  per  cent,  to  66 
per  cent.,  or  even  60  per  cent.  The  temperature  for  matur- 
ing majolica  glazes  varies  from  cone  010  to  cone  05. 

These  being  the  existing  conditions  the  questions 
arising  are : 

FirsL  Does  the  substitution  of  lead  fritts  as  in  raw  lead 
involves  any  alteration  in  actual  properties  of  the  glaze 
components  in  order  to  obtain  results  similar  to  those  of  raw 
lead  glazes? 

Second.  Does  the  use  of  fritted  lead  involve  any 
increase  of  firing  temperature,  or  any  different  method  of 
carrying  on  the  firing  process  ? 

Third.  Is  the  fluidity  of  the  glaze  affected  by  the 
character  of  the  lead  fritts  used ;  that  is  whether  bisilicate  or 
double  silicate  or  compound  silicate  is  used  ? 

Fourth.  Can  glazes  of  sufficiently  high  fusibility  be 
obtained    for    the   manufacture    of  plumbiferous   majolica 
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glazes,  fired  at  Seger  cone  010,  when  these  are  compounded 
of  lead  bisilicates  or  double  silicates,  the  maximum  solubility 
of  the  glaze  not  exceeding,  say  3  per  cent.? 

Fifth,  How  far  is  it  possible  to  introduce  other  fluxes 
into  the  fritt  mixtures,  thus  increasing  fusibility  and  yet  still 
maintaining  the  requisite  insolubility  of  the  lead  present : 
and  having  also  due  regard  at  the  same  time  to  the  effect  in 
use  of  such  fritts  ? 

(a)    On  the  working  properties  of  the  glaze  in  firing. 

ifi)    On  the  tints  of  colored  majolica  glazes. 

{c)    On  the  fluidity  of  the  glazes  when  fired  at  the 
customary  temperatures. 

On  many  of  these  points  the  English  manufacturers 
appear  at  present  to  be  at  variance.  Some  imagine  that  the 
use  of  lead  fritts  cannot  be  carried  out :  while  others  show 
satisfactory  results  and  have  no  objection  to  raise  as  to  their 
adoption.  Probably  this  discrepancy  arises  from  varying 
conditions  coupled  with  a  want  of  efficient  manipulation, 
and  also  insufficient  attention  to  details  in  the  case  of  some 
who  have  failed. 

It  is  obvious  as  regards  the  use  of  lead  fritts  in  the 
glaze  that  the  lower  the  firing  temperature,  the  greater  the 
amount  of  lead  required.  When  this  amount  exceeds  that 
present  in  a  bisilicate  fritt,  new  difficulities  arise  in  the  pro- 
duction of  a  double  or  compound  silicate,  capable  of  holding 
in  combination  such  fluxes  other  than  lead  as  will  affect  the 
necessary  fusibility  of  the  fritts  and  consequently  of  the 
glazes. 

It  will  be  seen  that  various  other  existing  questions  are 
involved  which  will  readily  suggest  themselves  to  members 
of  the  society,  and  on  which  at  present  little  accurate 
information  exists,  but  those  mentioned  above  are  more  than 
sufficient  to  occupy  the  scope  of  the  present  paper.  I 
therefore  propose  to  limit  the  discussion  to  the  points  first 
named. 

(1)    The  posHbilUy  of  mbstituting  lead  in  fritted  form  for  raw  lead 
without  change  of  proportions  used. 

On  this  point  my  experience  does  not  bear  out  the  state- 
ment  made  by  some    manufacturers,  that    more   lead    is 
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required  to  produce  the  same  results  if  introduced  in  the 
form  of  fritt.  I  have  made  comparison  of  the  same  glazes 
worked  under  both  methods  side  by  side  in  the  same  saggers, 
and  have  repeated  these  in  di£Ferent  ovens.  The  results  do 
not  vary  in  any  substantial  respect  provided  that  the  total 
contents  of  the  glaze  remains  the  same,  and  the  calculations 
of  the  new  formulae  are  accurately  carried  out — the  raw  and 
fritted  glazes  for  the  lead  may  be  substituted  for  raw  lead. 

(2)  Does  the  use  of  fritted   lead  involve    any  increase  of  firing 
temperature  9 

Provided  the  total  contents  of  the  composition  of  the 
raw  and  fritted  glazes  are  the  same,  the  raw  and  fritted 
glazes  will  be  found  to  fuse  at  the  same  temperature.  There 
is,  however,  some  indication  that  some  lead  fritts  take  longer 
to  mature  in  firing  than  others.  The  point  of  incipient 
fusion  must  also  be  placed  somewhat  higher  as  regards  tem- 
perature. There  is  evidence  of  this  fact  in  composition  of 
fritted  glazes  now  in  use  on  the  continent  by  some  important 
manufacturers,  who  add  a  very  small  percentage  of  raw  lead 
to  the  glazes,  obviously  for  the  purpose  of  promoting  the 
incipient  fusion  at  a  lower  temperature.  I  attribute  to  these 
questions  of  incipient  fusion  and  length  of  firing,  the  differ- 
ence of  lesults  obtained  by  various  potters.  It  is  probable 
that  the  firing  is  carried  on  by  diff*erent  methods,  or  that  the 
uniformity  of  heat  in  various  positions  in  the  oven  is  less 
with  some  than  with  others. 

(3)  Is  the  fluidity  of  a  fritted  lead  glaze  affected  by  the  character  of 
the  lead  fritt  used;  that  is  whether  bisiUcatey  double  sUicaie^  or  compound 
siUeaie. 

On  this  point  there  appears  to  be  strong  evidence  that 
the  fluidity  is  thus  affected  :  that  is,  apart  from  the  question 
of  fusibility  the  glazes  when  fused  are  more  or  less  viscous, 
according  to  the  composition  of  the  fritt  It  is,  however, 
open  to  further  research  to  demonstrate  how  far  this  fluidity 
of  the  glaze  at  a  good  temperature  if  affected  by  the  heat  at 
which  incipient  fusion  takes  place,  and  also  by  the  length  of 
time  required  to  mature  the  glaze  in  firing,  without  increas- 
ing the  temperature.  This  issue  is  one  of  considerable  im- 
portance to  the  potter  in  adopting  fritted  glazes  for  use  on 
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goods  printed  under  glaze.  My  own  experience  over  a 
limited  area  is  that  double  silicates  oi  lead  show  less  fluidity 
than  bisilicates  if  worked  under  the  same  conditions,  the 
equivalents  being  of  course  duly  regarded  in  the  fritt  com- 
position. 

(4)  Oan  glaze  of  suffleiently  high  fusibility  be  obtained  for  ma- 
joUca  colors^  firing  at  cone  010  by  the  use  of  bitUicates  or  double  sioi- 
catea  of  lead^  still  maintaining  a  aolubHify  not  exceeding^  say  three  per 
cent. 

Before  discussing  this  question  it  is  necessary  to  define 
the  amount  of  fluidity  required  in  the  glaze.  For  plain  tiles, 
needing  only  uniformity  of  color  and  texture,  the  property  of 
extreme  fluidity  and  transparency  is  often  less  important  than 
in  the  case  of  finely  modelled  relief  tiles  and  blended  glazes, 
in  which  the  artistic  effect  is  mainly  due  to  the  falling  of  the 
glaze  into  the  deep  hollows,  and  the  ready  mingling  of  the 
colors  with  each  other  during  the  firing. 

In  the  latter  case  considerable  difficulties  arise  in  pro- 
ducing suitable  glazes  with  bisilicate  lead  fritts.  Many 
glazes  now  in  use  for  this  purpose  contain  as-  much  as  fifty 
to  sixty  per  cent  of  lead  oxide,  and  it  is  obvious  that  even 
supposing  the  bisilicate  fritt  by  careful  preparation  is  obtained 
under  two  per  cent,  solubility,  the  high  percentage  of  lead 
contents  required  in  such  glazes  leaves  no  room  whatever  for 
the  introduction  of  other  glaze  materials  to  improve  its 
working  properties. 

It  must  also  be  pointed  out  that  the  method  adopted  of 
obtaining  some  colors  by  the  dilution  of  a  boro-silicate 
colored  lead  fritt  with  transparent  lead  glaze,  is  no  longer 
available  when  the  two  per  cent,  solubility  is  exceeded,  and 
even  if  the  raw  lead  is  replaced  by  lead  fritt.  The  high 
solubility  of  such  boro-silicates  forbids  their  use  in  these 
conditions,  such  as  the  difficulty  of  obtaining  low  solubility 
with  sufficiently  high  lead  contents  in  the  glaze  to  insure  the 
extreme  fluidity  on  which  the  beauty  and  richness  of  many 
soft  majolica  glazes  depend.  In  this  branch  it  appears  to 
me  there  is  ample  scope  for  further  research,  and  it  is  proba- 
ble  that  eventually   the   introduction   of  a  new  pallette  of 
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colors  may  be  involved  —  or  a  new  type  of  decoration  less 
dependent  upon  the  property  extreme  fluidity. 

In  discussing  the  above  questions  it  must  be  under- 
stood that  the  production  of  glazes  having  a  maximum 
solubility  of  two  per  cent,  has  been  kept  in  view,  and  also 
the  maintenance  of  existing  conditions  in  English  pottery 
manufacture  as  to  composition  of  glazes  and  firing  tempera- 
tures, and  adaptation  to  existing  bodies. 

The  difficulties  are  obviously  much  diminished  as  the 
firing  temperature  is  increased,  because  the  lead  contents  of 
the  glazes  can  then  be  proportionately  dimished. 

DISCUSSION. 

Professor  Charles  F,  Binns:  This  lead  question  has  been 
an  interesting  study,  and  has  cost  English  manufacturers  a 
good  deal  of  heart-burning  and  anxiety.  One  important 
point  has  been  brought  forward  in  the  relative  solubility  of 
lead  fritts.  It  is  found  that  lead  fritts  are  more  soluble  with 
boracic  acid  than  without.  This  was  proved  out  by  a 
Belgian  manufacturer.  I  doubt  if  this  fact  will  affect  the 
bulk  of  small  manufacturers  in  England,  for  they  are 
troubled  enough  in  making  one  fritt,  without  making  two. 
It  is  scarcely  known  here  how  far  the  practice  exists  among 
the  smaller  English  manufacturers  of  buying  ready-prepared 
glazes.  Quite  a  number  buy  it  ready  prepared  and  have  no 
more  idea  what  is  in  it  than  the  man  in  the  moon.  This 
operates  against  anything  like  a  change  in  glaze.  As  the 
matter  stands  now,  the  English  manufacturers  have  been 
given  eighteen  months  in  which  to  make  experiments,  and 
my  view  is  that  the  burden  has  been  materially  lightened  as 
to  the  potter. 

I  want  to  say  a  word  about  Mr.  Rix's  last  remark 
regarding  the  expansion  of  the  ceramic  society.  The  North 
Staffordshire  Ceramic  Society  has  been  established  since  we 
have  been  in  existence.  How  far  they  have  thrown  their 
net  around  the  manufacturer,  I  do  not  know.  They  meet 
once  a  month  for  the  discussion  of  minor  problems ;  and  I 
have  wished  sometimes  that  we  could  meet  once  a  month 
and  have  one  thing  at  a  time.  We  are  in  great  danger  of 
ceramic  dyspepsia  from  the  full  meal  we  have  had  here. 
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One  more  point.  I  wish  Mr.  Rix  had  defined  his  bi- 
silicate  and  double  silicate  and  compound  silicate.  We 
ought  to  have  further  information  on  this  point. 

Mr.  E.  E.  Gorton:  My  experience  diflFers  somewhat  from 
Mr.  Rix's  on  one  point,  in  regard  to  the  fritting  of  the  lead. 
I  have  found  that  where  lead  is  fritted,  and  the  glaze  is  not 
a  boracic-acid  glaze,  it  does  require  a  higher  equivalent  of 
lead  to  get  the  same  results.  I  presume  it  is  due  to  the 
volatilization  of  lead  in  fritting. 

Professor  Binns:  I  ought  to  make  another  remark. 
This  question  of  the  solubility  of  the  fritt  created  quite  a 
good  deal  of  disturbance.  The  English  regulations  required 
the  inspector  to  take  samples  from  the  dipping  tub,  and  if 
he  found  more  than  two  per  cent,  of  raw  lead  the  manufac- 
turer could  be  brought  to  account.  The  point  has  arisen 
as  to  what  constitutes  solubility.  Mr.  Jackson  carried  out  a 
line  of  experiments  and  found  that  solubility  was  directly 
commensurate  with  the  size  of  grain.  By  repeated  grindings, 
he  found  he  could  dissolve  more  and  more  as  the  fritt 
became  finer,  and  it  seemed  that  if  he  could  go  on  long 
enough  he  could  dissolve  the  whole.  His  conclusion  was 
that  a  coating  of  insoluble  lead  was  formed  on  the  grains  of 
fritt,  and  that  the  grinding  removed  this  each  time. 

Professor  Orion:  Wouldn't  they  be  driven  to  construe 
the  question  as  to  the  amount  of  lead  in  solution  in  the 
dipping  tub  ? 

Prof essor  Binns  :  Yes  —  not  in  solution  in  the  dipping 
tub,  but  in  suspension.  The  per  cent,  of  raw  lead  in  the 
dipping  tub  is  one  thing  and  the  solubility  of  lead  fritt  is 
another.  The  government  said,  "You  must  not  use  more 
than  a  certain  percent,  of  raw  lead."  The  manufacturer 
laid,  **  We  can't  make  glazes  with  that  amount."  Then  the 
question  arose,  could  not  the  lead  be  rendered  insoluble.  It 
was  suggested  that  by  fritting  it  might  be  rendered 
insoluble.  They  can  use  raw  lead  in  the  dipping  tub,  pro- 
viding it  is  not  above  a  certain  amount. 

Professor  Orion:  Does  English  legislation  forbid  the  use 
of  a  glaze  in  which  more  than  two  per  cent,  of  lead  is 
soluble  ? 
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Professor  Bitms  :  That  is  what  was  proposed.  We  were 
obliged  to  provide  overalls,  caps,  nail  brushes,  soap,  towels, 
etc. ,  in  order  that  the  men  and  women  should  be  compelled 
to  wash  themselves,  and  clean  their  nails.  The  whole  trade 
is  in  revolt  owing  to  this  ill-judged  and  **  grand-mother"  leg- 
islation^ from  which  we  in  the  United  States  glory  that  we 
are  free.  The  next  point  which  arose  was  in  reference  to  a 
series  of  rules  embodying  the  limits  of  raw  lead  which  could 
be  used.  The  investigation  which  was  made  has  entirely 
broken  down  on  the  government  side,  and  it  has  nothing  to 
say  at  present,  though  it  may  have  eighteen  months  hence. 
It  has  been  demonstrated  that  if  the  regulations  are  enforced 
the  whole  pottery  industry  of  England  will  be  killed. 

Mr.  Burt:  I  always  understood  that  the  poisoning,  as  a 
rule,  was  due  to  the  inhaling  of  lead  dust.  I  don't  see  any 
direct  connection  between  lead  dust  and  the  question  of 
solubility,  whether  two  or  three  per  cent,  is  in  solution. 

Professor  Bittns  :  The  issue  is  somewhat  simple.  It  is 
due  to  the  eflFect  of  the  juices  of  the  body,  particularly  the 
gastric  juice  upon  the  lead  oxide ;  and  the  effect  of  dilute 
hydrochloric  acid  is  considered  to  be  the  same  as  that  of  the 
gastric  juice.  The  point  was  whether  lead  oxide,  if  soluble 
in  hydrochloric  acid,  might  not  be  absorbed  by  the  skin. 
Not  only  might  this  be  so,  but  sometimes  the  work-girls 
would  carry  candy  in  their  pockets  and  feed  themselves 
while  their  hands  were  covered  with  lead.  It  gets  into  their 
hair,  and  the  body  pores  can  take  in  a  vast  amount  of  the 
lead  salts.  The  effects  are  shown  to  vary  with  different  per- 
sons. I  have  known  a  case  where  a  girl  was  put  to  work 
trimming  a  porcelain  glaze  not  containing  more  than  four 
per  cent,  of  lead  oxide,  and  she  sickened  in  a  week.  And 
there  are  cases  where  women  have  worked  twenty  years  and 
not  felt  the  slightest  ill  effect.  It  is  largely  a  matter  of  tem- 
permanent,  and  we  always  made  it  a  rule  when  anyone 
showed  any  signs  of  sickness  to  put  them  elsewhere,  only 
keeping  in  that  department  those  who  showed  themselves  to 
be  immune. 


THE  STRUCTURE  OF  SIUCATE  MIXTURES^ 

BY 

HARRISON  E.  ASHLEY,  Q.  B.,  Nhw  Bedford,  Mass. 

^^Based  upon  the  microscopic  examination  of  thin  sections 
of  minerals  and  rocks,  observations  were  recorded  in  1858 
by  Dr.  H,  C.  Sorby,  member  of  the  Iron  and  Steel  Institute, 
in  a  paper  on  the  microscopic  structure  of  crystals,  indi- 
cating the  origin  of  minerals  and  rocks  (Quarterly  Journal 
of  the  Geological  Society,  vol.  XIV,  page  453),  and  in  Octo- 
ber, 1867,  by  the  late  Mr.  David  Forbes,  member  of  council 
and  foreign  secretary  of  the  Iron  and  Steel  Institute.  These 
observations  gave  birth  to  the  special  science  of  petro- 
graphy." * 

'^  Prom  the  introduction  of  microscopic  methods  of  in- 
vestigation up  to  a  date  about  eight  or  ten  years  ago,  the 
energies  of  practically  all  students  of  the  subject  were 
devoted  to  observing  and  recording  mineralogical  and 
textural  differences,  and  the  subject  of  chemical  composition 
received  but  slight  attention.  It  was  revived,  however, 
toward  the  close  of  the  eighties  by  W.  C.  Brogger,  then  in 
Stockholm,  and  in  the  course  of  time  has  received  wide 
recognition  and  employment  from  many  others. 

Petrographers  are  now  accustomed  to  recast  an  ordi- 
nary chemical  analysis  by  dividing  the  several  percentages 
by  the  molecular  weights  of  the  corresponding  molecules,  so 
as  to  obtain  a  series  of  numbers,  which  are  called  the 
*  molecular  proportions'  or  '  molecular  ratios.'  These  quan- 
tities indicate  the  relative  numbers  of  the  several  molecules 
in  the  rock  magma,  and  in  that  respect  are  more  significant 

than  are  the  percentages The  molecular 

composition  of  the  common  rock-making  minerals  are  now 
quite  accurately  determined  and  understood,  and  using  them 

•  The  Metallographlst,  (190S),  6  [S],  140. 
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it  is  often  possible  to  calculate  from  the  molecular  propor- 
tions furnished  by  a  rock  analysis,  the  percentages  of  the 
several  minerals  in  the  rock.  The  calculations  are  usually 
checked  in  a  general  way  by  a  study  of  thin  sections."  * 

In  a  recent  joint  report  by  W.  H.  Weed  and  L,-  V. 
Pirsson,  f  the  latter  presents  recalculated  analyses  of  a  large 
number  of  igneous  rocks.  He  first  ascertained  by  micro- 
scopic examination  what  minerals  were  present ;  then  from 
chemical  analysis  and  molecular  proportions  what  percentage 
of  the  several  minerals  were  present.  Prof,  J.  F,  Kemp,  the 
author  of  the  article  on  ^  The  Re-calculation  of  the  Chemical 
Analysis  of  Rocks/  from  which  the  two  preceding  para- 
graphs were  copied,  shows  in  detail  in  that  article  the  method 
of  recalcnlation. 

The  present  writeri  in  an  article  §  on  slag-constitution^ 
has  shown  that  the  freezing  or  melting  points,  or  less  exactly, 
the  formation  temperature,  or  the  total  heats  of  solidfication 
will  show  the  constitution  of  such  mixtures  at  the  tempera- 
ture of  fusion. 

Chemical  methods  of  separation,  taken  by  themselves, 
have  not  been  very  successful  in  showing  the  structural  con- 
stituents of  silicate  mixtures. 

It  is  most  satisfactory  to  rely,  not  on  a  single  method  of 
investigation,  but  on  the  joint  use  of  several  methods.  It 
is  desirable  to  supplement  chemical  analysis  and  fusibility 
determinations  by  microscopic  examination.  The  latter 
often  presents  special  difficulties.  The  slag  or  ware  may  be 
nnsuited  for  the  preparation  of  thin  sections,  or  if  suited,  few 
persons  have  the  necessary  equipment  for  their  preparation, 
or  considerations  of  time  and  expense  may  be  prohibitory. 
Silicate  mixtures  are  seldom  examined  on  the  surface  of 
thick  pieces  by  reflected  light,  as  it  is  difficult  to  find  any 
apparent  differences  of  structure.  With  metals  and  alloys 
on  the  other  hand,  surface  examination  by  reflected  light  is 

*  School  of  Mlnei  Quarterly,  (1900),  SS,  [1],  70. 

t  Geology  of  the  Little  Belt  ^Monntalni,  Montana,  by  W.  H.  Weed,  with  a 
report  on  the  Petrography  by  L.  V.  Plrison,  XX.  Ann.  Rep.  Dlr.  U.  8.  Geol. 
Boryey,  III.t  S07. 

i  81ag-OonBtltntlon«  itudled  by  means  of  the  Trl- Axial  Diagram,   with 
ReetangalarOo-ordlnates.— Trans.  Am.  Inst.  Mln.  Engineers.   Nor.  1001. 
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the  universal  method.  Differences  in  structure  are  shown 
by  the  unequal  action  of  polishing  agents,  of  etching  agents, 
and  of  oxidation,  or  other  coloring  effects.  With  silicate 
mixtures,  so  far  as  the  writer  knows,  nothing  has  ever  been 
accomplished  by  differences  in  wear  or  by  development  of 
colors,  and  but  little  by  etching  with  fluorides  or  alkalies. 

A  phenomenon  met  in  laboratories  may  offer  a  means  of 
progress.  The  writer  has  frequently  noticed  that  the  first 
portion  of  vapor  condensing  on  a  cold  glass  surface,  for 
example,  the  underside  of  a  watch-glass  upon  a  beaker 
whose  contents  are  being  heated,  is  not  uniformly  distributed 
over  the  whole  surface,  but  is  in  small  patches.  Bach  of 
these  patches  seems  to  be  uniformly  covered,  and  differs  in 
density  from  the  patches  touching  all  around  it.  The  whole 
effect  resembles  the  microstructure  of  a  slowly  cooled  very 
crystalline  metal.  Each  patch  of  moisture  may  indicate  the 
extent  of  the  external  surface  of  one  crystal  *  of  the  glass. 
With  further  condensation  the  differences  are  obliterated. 

It  seems  likely  that  the  first  microscopic  deposit  may  be 
more  highly  differentiated  than  that  that  appears  to  the 
naked  eye,  more  destinctive  in  character,  and  more  certain 
of  positive  appearance.  While  water  vapor  is  a  fugitive 
medium,  there  are  multitudes  of  definite  chemical  sub- 
stances capable  of  being  sublimed  with  the  formation  of 
fairly  stable  deposits. 

It  is  possible  that  the  selective  action  of  the  silicate 
mixture  crystals  may  even  go  so  far  as  to  attract  or  retain, 
substances  having  the  same  crystal  system  and  molecular 
volume,  while  rejecting  substances  of  unlike  properties. 
This  may  open  a  way  for  the  study  of  molecular  weights  of 
solid  substances. 

The  writer  regrets  that  he  is  not  at  present  in  a  position 
to  test  and  develop  the  method  of  research  here  proposed. 

*H.  M.Howe:    **Wliat  Is  the  essence  of  orystalhood?"    KetaUographlst, 
(1«08),  6.  [1],  62. 
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THE  RELATION  BETWEEN  THE  CONSTITUTION  OF 

A  CLAY,  AND  ITS  ABIUTY  TO  TAKE 

A  GOOD  SALT  GLAZE. 

BY 

liA WHENCE  E.  BABBINGEB,  E.  M.,  Soheneotadt,  N.  Y. 

The  subject  of  salt-glazing  has  received  but  little  atten- 
tion from  investigators  in  ceramic  work  since  its  introduction 
by  Flemish  potters  in  the  thirteenth  century.  Considering 
the  extent  to  which  the  process  is  employed  in  the  manufac- 
ture of  clay  products  in  this  and  other  countries,  and  the 
fact  that  but  little  is  known  of  the  reactions  of  the  process, 
and  still  less  as  to  what  materials  are  most  suitable  for  such 
treatment,  it  is  a  matter  of  surprise  that  no  attempts  have 
been  made  to  throw  some  light  on  this  important  branch  of 
clay  glazing. 

In  English  ceramic  literature  the  subject  has  received 
little  or  no  consideration.  The  German  writers  have  given 
some  attention  to  the  subject,  but  the  bulk  of  the  articles  are 
either  historical  or  deal  with  the  actual  practice  in  accom- 
plishing the  desired  results. 

The  only  article  of  real  investigation  which  the  writer 
has  been  able  to  find,  is  that  on  the  action  of  iron  in  clay 
during  salt-glazing,  by  Jos.  Knett,  published  in  Thonindus- 
trie-Zeitung,  1896.  Knett's  experiments,  while  leading  to 
highly  interesting  results,  do  not  attack  the  truly  fundamental 
principles  of  the  process. 

A  desire  to  at  least  awaken  a  little  interest,  if  possible,  in 
original  research  along  the  line  of  salt-glazing,  led  the  writer 
to  make  the  investigations  noted  in  this  paper. 

It  is  a  well-known  fact  that  some  clays  salt-glaze  better 
than  others^  while  some  are  not  at  all  able  to  be  glazed  in 
this  manner.  Furthermore,  the  character  of  the  glaze  is 
different  on  different  clays,  as  regards  color,  hardness  and 
finish. 
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In  order  to  draw  a  line  if  possible  between  salt-glazing 
and  non-salt-glazing  clays,  it  was  decided  to  attack  the  sub- 
ject by  analysing  both  the  clay  and  glaze  from  a  factory 
where  the  work  is  snccessfally  carried  on,  and  from  this  basis 
vary  the  composition  of  the  clay  until  its  limit  of  ability  to 
take  a  good  glaze  was  reached.  To  this  end,  the  clay  used 
at  Logan,  Ohio,  by  the  Hocking  Clay  Manufacturing  Com- 
pany, was  selected.  The  salt-glazing  done  by  this  concern 
is  of  a  high  order,  attd  their  products  ai^  first-class  represen- 
tatives of  salt-glazed  clay  wares.  The  process  is  here  applied 
to  bricks,  sidewalk  tiles,  sewer  pipe,  garden  urns,  etc.  The 
day  used  is  a  fire  clay  of  the  Lower  Kittanning  horizon, 
the  vein  being  pretty  well  weathered. 

The  methods  used  in  securing  samples  of  the  clay  and 
glaze  for  analysis  were  as  follows : 

SAMPLING  THE   BODY  AND  GLAZB. 

In  order  to  obtain  a  fair  average  sample  of  the  clay  as  it 
entered  into  the  product,  a  barrel  was  placed  near  the  chute 
leading  from  the  bin  containing  the  screened  clay  from  the 
dry  pan,  into  the  wet  pan.  Into  this  barrel  the  wet  pan 
attendant  threw  a  little  of  the  ground  screened  clay  at 
intervals,  filling  the  barrel  at  the  rate  of  about  one-fifth  each 
day.  In  this  manner  a  fair  average  sample  of  the  clay  used 
in  a  five  day's  run  was  obtained.  The  contents  of  the  barrel 
were  then  dumped  onto  a  clean  cement  floor  and  thoroughly 
mixed»  finally  quartering  down  systematically  until  about 
thirty  pounds  remained.  This  was  placed  in  an  iron  ball 
mill  with  flint  pebbles,  and  ground  fine.  The  finely  ground 
clay  was  then  spread  on  a  table  and  mixed  thoroughly,  and 
then  quartered  down  until  a  sample  of  a  few  hundred  grams 
was  obtained,  which  was  bottled  and  labelled,  and  constituted 
the  sample  from  which  the  analyses  teere  made. 

The  glaze  sample  was  obtained  by  chipping  the  salt-glaze 
from  bricks  taken  at  random  from  different  stock  priles,  the 
only  consideration  being  that  the  glaze  should  be  sufficiently 
thick  to  chip  off*  nicely.  Bricks  on  which  the  glaze  had  ttm 
more  or  less  towards  one  edge  were  chosen,  and  the  glaioe 
was  carefully  chipped  off*  along  this  edge  with  a  small  cold 
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chisel  and  light  hammer.  About  twenty  grams  of  the  glaze 
was  secured  in  this  way.  Prom  this,  the  sample  for  analysis 
was  secured  by  selecting  pieces  of  clear  glass  from  the  latter, 
rejecting  any  chips  which  showed  any  indication  of  adhering 
bod)'.  The  chips  of  glaze  thus  selected  were  ground  fine  in 
an  agate  mortar,  and  weighed  out  for  analysis. 

ANALYSIS  OF  THE  BODY  AND  GLAZE. 

Two  carefully  made  analyses  of   the    clay  gave  the 
following  results : 


No.1 

No.  8 

Average 

810, 

AlaO, 

Fe.O. 

68.45 

28.04 

2.08 

.72 

1.08 

.68 

.98 

.24 

7.81 

99.78 

62.77 

28.66 

2.44 

.78 

.91 

.46 

.98 

.24 

7.81 

99.84 

68.110 

28.800 

2.286 

Cab....:  

MirO 

.725 
.970 

Na.O 

K,0 

SO. 

.490 
.980 
.240 

H.O 

7.810 

99.810 

Two  analyses  of  the  glaze  gave : 


(») 

(b) 

Averase 

sio. 

66.60 

21.14 

2.64 

8.66 

.04 

16.91 

.08 

99.86 

56.86 

21.64 

2.74 

8.46 

.04 

17.61 

.08 

100.71 

56.475 

Al.O 

21.840 

Pe!o!..  .         . 

2.640 

ca&.*.:. :::....: 

8.600 

MgO 

Na.O 

.040 
17.210 

K.6 

.080 

100.286 

The  glaze  gives  the  following  formula : 
.812  Na.O^ 

.002  K,0    I  .612  Al.O,  j  «  7^  q.^ 
.182  CaO    f  .048  Fe.O,  \  ^"^^  ^*^« 
.002  MgO  J 

.998  BO 

The  clay  reduced  to  a  formula  becomes : 
.066  GaO  ^ 

:084  nIS)    ^:06  F^S:  {^'^  8*^«  (+  ^'^'^  ^•^) 


!042  K,& 


UCer 


214  SALT  GLAZING  OP  CLAY  WARES. 

The  glaze  reduced  to  the  same  type  of  formula  as  the 
clay,  viz.,  Al208  =  l,  enables  the  following  comparison  to 
be  made: 

.066  CaO  1 

^r«ioTr\      .106  MgO    I  1.00    A1,0,  /  .  fl^c  cun 
(Clay)       (J34  ^^^^  V  ^    p^|q»  (  4.fK)6  SiO, 

.042  K,0   J 


1.326  Na.O 

CUiaze)     297  CaO 
.008  MgO 


':S?8Fl:o:l*-4i8  8io. 


It  is  seen  that  the  silica  is  a  little  higher  in  the  body 
than  in  the  glaze,  the  alumina  being  the  same.  This  is  not 
to  be  regarded  as  strange,  as  the  salt  fumes  cannot  be  ex- 
pected to  attack  all  the  constituents  of  the  clay  with  equal 
ease  and  incorporate  them  into  a  glass  in  exactly  the  same 
proportions  as  they  exist  in  the  clay.  A  certain  per  cent  in 
the  clay  of  coarse  free  sand  which  the  salt  does  not  easily 
attack,  would  no  doubt  lower  the  silica  content  of  the  glaze 
below  that  of  the  clay.  Or,  an  aluminous  coal-ash  would  tend 
to  increase  the  proportion  of  AljOg  to  Si02  in  the  glaze  over 
that  in  the  clay,  by  being  carried  up  into  the  kiln  with  salt 
vapors  and  lodging  in  the  glaze. 

A  noticeable  and  interesting  difference  is  in  the  amount 
of  lime  in  body  and  glaze.  While  the  clay  shows  only  .725 
percent  of  lime,  the  glaze  shows  3.5  per  cent.  The  most 
reasonable  explanation  for  this  difference  seems  to  be  that  of 
efflorescence.  The  fact  that  this  clay  contains  soluble  sul- 
phates, and  is,  moreover,  known  to  efflorescence,  might 
easily  explain  the  presence  of  so  much  lime  in  the  glaze. 
The  soluble  salts  were  brought  to  the  surface  and  left  there 
as  a  coating,  long  before  the  salt  was  applied  to  the  fires.  On 
salting  the  kiln,  this  efflorescence  (mostly  CaS04)  ^^^  ^^^~ 
urally  absorbed  as  a  part  of  the  glaze. 

While  it  is  seen  that  the  ratios  of  alumina  to  silica  in 
clay  and  glaze  are  not  exactly  the  same,  still  they  are  very 
close.  Prom  this  we  may  reasonably  infer  that  the  ratio  of 
alumina  to  silica  in  any  clay  which  can  be  salt-glazed,  is  a 
good  index  of  approximately  what  this  ratio  will  be  in  the 
salt-glaze  itself. 
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Langenbeck*  holds  that  the  molecular  ratio  of  alumina 
to  silica  in  a  salt-glaze  should  be  about  1  to  8,  and  assuming 
that  a  clay  to  be  properly  salt-glazed  should  contain  alumina 
and  silica  in  a  similar  ratio,  he  states  that  a  clay  best  suited 
for  salt-glazing  will  contain  its  alumina  and  silica  in  a  mole- 
cular ratio  of  about  1  to  8. 

This  ratio  of  Langen beck's  is  not  borne  out  by  the  above 
analyses,  nor  by  subsequent  actual  tests  made  by  the  writer. 
While  it  was  found  that  a  clay  containing  alumina  and  silica 
in  the  ratio  of  1  to  8  would  salt-glaze  well,  it  was  also  found 
that  the  ratio  could  be  much  lower  or  much  higher,  and  an 
equally  good  glaze  could  be  obtained. 

THE   EXPERIMENTS   PROJECTED. 

To  attain  the  object  of  this  paper,  namely,  to  throw  some 
light  on  the  relation  between  the  constituents  of  a  clay  and 
its  ability  to  be  successfully  salt-glazed,  two  series  of  experi- 
ments were  first  taken  up,  one  decreasing  the  ratio  of  alumina 
to  silica  over  that  shown  by  the  clay  analysis,  by  additions 
of  sand ;  the  other  increasing  the  ratio  of  alumina  to  silica, 
by  additions  of  kaolin. 

Starting  with  the  Logan  clay  unadulterated,  systematic 
additions  of  sand  were  made  until  a  ratio  of  alumina  to  silica 
of  1  to  10  had  been  reached.  This,  it  was  thought,  would 
show  a  point  where  the  silica  would  be  too  high  for  a  good 
salt-glaze. 

This  series  is  shown  by  the  following  table,  in  which  the 
composition  of  the  various  mixtures  proposed  is  indicated  by 
their  molecular  formulae : 

SERIES  I. 


No. 

KNaO 

OaMgO 

A1,0, 

Pe,0, 

810*       A1.0 

AtlO 

,  to  SIO, 

8 

.076 

.161 

1.00 

0.06 

4.60         1  : 

:   4.6 

9 

5.00         1  ; 

;    6.0 

10 

6.00         1  : 

:    6.0 

11 

7.00         1  ; 

:   7.0 

12 

8.00         1  ; 

:    8.0 

IS 

9.00         1  : 

:    8.0 

14 

10.00         I  : 

.10.0 

Remarks 


*  Ohemlitry  of  Pottery,  p.  90. 
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For  increasing  the  ratio  of  alumina  to  silica,  the  l^gan 
clay  was  treated  with  increasing  additions  of  Florida  kaolin. 
A  series  was  made  starting  with  the  Logan  clay  unadulter- 
ated, (in  which  the  ratio  of  alumina  to  silica  is  1  to  4.6,)  flUd 
ending  with  trials  made  wholly  of  kaolin,  with  a  ratio  of 
alumina  to  silica  of  1  to  2.     This  series  was  as  follows : 

SERIES  n. 


No. 

KNaO 

OaMgO 

A1.0, 

Fe,0, 

810. 

Ratio 
A1.0.  to  B10« 

RemarkB 

8 

.076 

.161 

1.00 

0.06 

4.60 

1  :4.60 

7 

2.00 

6.60 

1  :8.80 

6 

8.00 

8.60 

1  :2.86 

6 

4.00 

10.60 

1  :2.65 

4 

6.00 

14.60 

1  :  2.45 

8 

10.00 

22.60 

1  :2.26 

2 

20.00 

42.60 

1  :  2.18 

1 

1.00        **        2.00 

1  :2.00 

The  complete  test  covered  by  the  two  series  is  shown 
in  the  following  table : 


No. 

KNaO 

OaMgO 

A1,0, 

Fe,0, 

B10» 

1 

.... 

.... 

1.00 

.... 

2.00 

2 

.076 

.161 

20.00 

0.06 

42.60 

3 

(i 

10.00 

22.60 

4 

it 

6.00 

14.60 

5 

(t 

4.00 

10.60 

6 

(( 

8.00 

8.60 

7 

ii 

2.00 

6.60 

Ratio 
Al.G.  to  SiOt 


1 
1 
1 
1 
1 
1 
1 


2.00 
2.18 
2.26 
2.45 
2.65 
2.86 
8.80 


Remarks 


Florida  kaolin 

Obtained  hy 
mixing  Florf- 
^da  kaolin  and 
Logan  F.  C 


8 
9 
10 
11 
12 
18 
14 


.076 

.161 

1.00 

0.06 

4.60 

5.00 

6.00 

7.00 

8.00 

9.00 

10.00 

1 
1 
1 
1 
1 
1 
1 


4.60 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 


Logan  F.  O* 

Obtained  by 
ladditioDs  of 
Tlint  to  Logan 
F.  C. 


INGREDIENTS  FOR  THE  SYNTHETIC  CI^AYS. 

The  sand  nsed  in  the  above  mixtures  was  glass  sand,  of 
40  to  60  mesh  fineness. 
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A  set  of  brickettes  was  also  made  running  from  9a  to 
14a  inclusive,  using  150  to  200  mesh  sand,  but  retaining  the 
same  mixtures  as  in  the  9  to  14.  A  third  set  was  also  made 
from  9b  to  14b,  using  sand  which  would  not  settle  in  twenty 
minutes  in  a  standard  sedimentation  can  in  the  university 
laboratory. 

The  finest  sand,  that  which  would  not  settle  in  twenty 
minutes,  was  obtained  by  vigorously  stirring  up  commercial 
potters'  flint  with  water  in  the  standard  sendimentation  can. 

This  can  was  about  twenty-six  inches  high  and  twelve 
inches  in  diameter,  with  a  spout  or  tubulature  one  and  one- 
fourth  inches  in  diameter,  placed  six  inches  from  the  bottom.* 
After  allowing  the  flint  and  water  to  stand  twenty  minutes, 
the  liquid  was  let  off  through  the  spout.  This  was  repeated 
until  practically  all  of  the  sand  which  would  not  settle  in 
twenty  minutes  was  drawn  off.  The  milky  liquid  thus 
obtained  was  allowed  to  stand  for  several  days,  after  which 
the  clear  water  was  drawn  off  and  the  fine  flint  was  obtained 
and  dried. 

The  40  to  60  mesh  was  obtained  by  taking  glass  sand 
and  throwing  same  on  a  40  mesh  screen;  all  that  went 
through  was  subsequently  thrown  on  a  60  mesh  sieve,  and  all 
that  remained  on  the  60  mesh  was  reserved  for  use.  That 
which  went  through  60  or  did  not  go  through  40  was  rejected- 

The  150  to  200  mesh  was  obtained  by  taking  the  sand 
rejected  in  the  preceding  process  and  grinding  in  a  ball  mill 
for  two  hours,  then  putting  through  a  150  mesh  and  then  a 
200  mesh  sieve.  All  that  went  through  the  150  mesh  and 
lodged  on  the  200  mesh  was  reserved  for  use;  that  which 
went  through  200  was  rejected,  and  that  which  did  not  pass 
through  150  was  reground. 

The  kaolinite  used  was  a  Florida  kaolin,  98  per  cent. 
pure  kaolinite.  This  was  passed  through  a  20  mesh  screen 
before  use. 

The  following  table  gives  the  proportion  of  each  ingred- 
ient used  in  making  the  brickettes  : 


*  Bee  Trani.  Am.  Ger.  800.,  Vol.  II,  p.  104. 
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Logan  Clay 
Grams 

Kaolin 
Grams 

Band 

No. 

40toflO 
mesh 

IfiOtoSOO 
mesh 

Floated 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
18 
14 

9A 
lOA 
llA 
12A 
13A 
14A 

9B 
lOB 
IIB 
12B 
13B 
14B 

0.0 
60.5 
118.0 
190.0 
273.0 
350.0 
487.0 
800.0 
755.0 
■  744.0 
662.5 
596.5 
543.0 
498.0 
755.0 
744.0 
662.5 
596.5 
453.0 
498.0 
755.0 
744.0 
662.5 
596.5 
543.0 
498.0 

800.0 
739.5 
682.0 
610.0 
527.0 
450.0 
313.0 
0.0 

•  •  •  •  •  • 

...... 

'*55!6 
156.0 
237.5 
303.5 
357.0 
402.0 

•  •«••• 

•  •  •      • 

"65.6 
156.0 
237.5 
303.5 
357.0 
402.0 

*  *55!o 
166.0 
237.5 
303.5 
357.0 
402.0 

PREPARING   THE  SAMPLES. 

Two  test  brickettes  were  made  from  each  mixture. 
These  brickettes  were  made  in  a  wooden  mould  2^  x  4^ 
X  1  inches.  The  ingredients  in  each  case  were  mixed  thor- 
oughly in  a  granite-ware  pan,  then  made  into  a  stiff  mud 
with  distilled  water.  The  brickettes  were  dried  in  the  lab- 
oratory by  simply  putting  on  pallets  on  shelves. 

After  drying  the  brickettes  they  were  placed  in  No.  12 
kiln  of  the  Hocking  Fire  Clay  Company,  at  Logan,  Ohio. 
This  is  a  round  down  draft  kiln  in  which  they  regularly  do 
salt-glazing.  One  brickette  of  each  number  was  placed  well 
to  the  top  of  the  kiln,  and  one  of  each  number  put  four  inches 
above  the  floor.  The  kiln  was  burned  and  salted  in  the  usual 
manner,  and  with  results  of  ordinary  attainment. 
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RESULTS  OF  BURN. 

No.  8  brickettes,  made  from  the  Logan  clay,  took  a  nice 
smooth  salt-glaze,  deep  brown  in  color,  similar  to  the  usual 
run  of  glazes  obtained  at  this  plant.  This  will  be  used  as  a 
basis  of  comparison. 

Very  little  diflFerence  was  noticed  between  the  samples 
burned  at  the  top  and  those  burned  at  the  bottom  of  the  kiln. 
The  results  of  the  test  were  practically  the  same  for  both 
sets  of  brickettes,  and  were  as  follows : 

The  brickettes  below  No.  8  (those  in  which  the  ratio 
of  alumina  to  silica  was  increased)  deteriorated  rapidly  in 
the  quality  of  the  glaze.  No.  7  was  almost  as  good  as  No. 
8,  but  the  glaze  was  a  little  inferior  in  finish.  Nos.  5  and  6 
had  a  very  poor  dull  glaze,  greatly  inferior  to  that  of  No.  8, 
and  not  at  all  entitled  to  be  called  a  successful  salt-glaze. 
No.  6  was  a  little  better  than  No.  5.  No.  4  had  taken  a  dull 
reddish-brown  gloss  with  insufficient  thickness,  glossiness  or 
finish  to  be  called  a  glaze.  No,  3  had  lost  still  further  the 
resemblance  to  a  glaze,  and  a  dull  red  surface,  slightly  glossy 
in  spots  was  all  that  the  salt  had  accomplished.  Nos.  1  and 
2  had  merely  been  colored  a  brick  red,  and  showed  no  glaze 
whatever.  No.  1  had  the  appearance  of  a  red  face  brick, 
having  assumed  a  fine  red  color  very  uniformly. 

This  red  color  shown  by  the  unglazed  brickettes  is 
probably  due  to  the  volatilization  of  Fe2Cl6  and  the  subse- 
quent deposition  of  PejOs,  which  occurs  in  salt-glazing,  as 
shown  by  Knett,*  and  its  entering  afterwards  into  silicate 
formation  with  the  clay.  Occasionally  red  clouds  of  FegCle 
appear  at  the  beginning  of  the  operation  of  salt-glazing  a 
kiln,  but  soon  cease.  It  is  this  PesClg  which  is  deposited 
on  the  ware  as  Fe208.  The  surface  of  the  brickettes  show- 
ing this  color  presented  a  beautiful  mass  of  crystals  under 
the  glass. 

Of  the  brickettes  above  No.  8  (those  in  which  the  ratio 
of  alumina  to  silica  was  gradually  diminished)  all  had  taken 
a  good  salt-glaze.     The  following  facts  were  noted : 


•  Thonlndastrle-Zeltnng  (1896). 
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(a)  As  to  brightness  and  smootliness,  the  brickettes 
from  No.  8  up  to  No.  14  showed  no  deterioration,  but  on  the 
other  hand  an  improvement.  No.  14  was  a  much  brighter 
glaze  than  No.  8.  In  this  respect  the  different  finenesses  of 
sand  made  no  apparent  difference,  all  finenesses  for  each  num- 
ber being  equally  bright  and  smooth. 

{b)  In  color,  the  glazes  grew  much  lighter  as  the  sand 
content  increased.  Each  brickette,  from  No.  8  up,  was  a 
little  lighter  than  its  predecessor.  From  No.  8,  which  was 
a  deep  brown,  the  color  lightened  to  a  stone  gray  in  No.  14. 
A  noticeable  fact  was  that  in  the  brickettes  containing  the 
finer  sands,  the  lightening  effect  was  increased.  For  instance. 
No.  11- A  was  as  light  as  No.  14,  and  in  the  A  series  the  color 
reached  its  lightest,  being  a  fine  clear  gray  in  No.  14-A.  In 
the  B  series  No.  10-B  was  about  the  same  shade  as  No.  11-A> 
and  from  No.  10-B  the  color  grew  lighter,  but  with  a  greenish 
tinge  so  that,  while  No.  14- B  was  very  light  it  was  a  greenish 
gray  and  not  a  clear  gray,  as  in  No.  14; A. 

{c)  As  to  the  crazing  of  the  glazes,  the  following  list 
gives  the  crazed  and  uncrazed  glazes : 


No. 

Unerased 

Graced 

8 
9 

8A 
9A 

SB 
9B 

• 

lOA 
HA 
12A 
ISA 
14A 

»  •  •  •  •       • 

•  •   -  ' 

10 

lOB 

IIB 

12B 

18B1 

14B/ 

(slight) 

11 

12 
18 

.... 

... 

19           %       A 

14 

slight 

As  the  foregoing  series  showed  no  deterioration  of  the 
salt-glaze  with  the  increase  of  silica,  contrary  to  what  was 
expected,  it  was  decided  to  still  further  increase  the  ratio  of 
silica  to  alumina.  For  this  purpose  the  following  series  was 
made : 
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SEBIES  ni. 


No. 


15 
16 
17 
18 
19 
20 


KNaO 

OaMgO 

A1,0, 

810. 

.076 

.161 

1.00 

12.60 

14 

tt 

<t 

15.00 

t( 

c< 

tt 

20.00 

It 

tt 

tt 

40.00 

i« 

tt 

tt 

60.00 

0.0 

0.0 

0.0 

100.00 

Ratio 
A1,0,  to  810. 


1 
1 
1 
1 
1 


12.6 
15.0 
20.0 
40.0 
60.0 


all  sand 


Remarks 


In  view  of  the  fact  that  in  the  previous  test  the  fineness 
of  sand  made  no  apparent  difference  in  the  quality  of  the 
glaze  the  piece  took;  and  also  that  samples  in  the  bottom  of 
the  kiln  showed  no  wide  difference  from  those  in  the  top,  it 
was  deemed  sufficient  to  use  merely  one  grade  of  sand  in 
Series  III,  and  to  make  only  one  set  of  brickettes.  Accord- 
ingly, the  fine  floated  silica  was  used,  and  one  set  of  brickettes 
made  as  follows : 


No. 

Parts 

Parts 

Logan  Olay 

Sand 

16 

867 

488 

16 

813 

487 

17 

242 

658 

18 

127 

678 

19 

86 

714 

20 

0 

800 

The  brickettes  were  molded  as  those  in  Series  I,  except 
that  owing  to  the  extreme  shortness  of  the  mixtures,  due  to 
so  much  sand,  it  was  necessary  to  use  dextrine  as  a  bonding 
agent  to  stick  the  material  together  and  make  brickettes 
which  could  be  handled. 

The  brickettes  were  placed  well  to  the  top  in  one  of  the 
salt  glazing  kilns  of  the  Hocking  Clay  Manufacturing  Com- 
pany, and  burnt  with  a  kiln  of  their  ware.  On  drawing,  the 
following  results  of  the  test  were  noted: 

No.  16  wais  glazed  but  the  glaze  was  thin,  and  in  some 
places  grew  so  thin  as  to  be  dull  and  rough.  The  glaze 
could  not  be  called  a  good  salt-glaze. 
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No.  16  showed  glassy  and  smooth  in  places,  but  was 
mostly  dull  and  rough,  with  insufficient  glassiness  to  be 
called  glazed. 

No.  17  showed  faint  traces  of  glaze,  but  the  greater  part 
of  the  surface  was  dull,  and  while  the  salt  had  affected  the 
entire  surface,  it  had  merely  made  a  coating  not  unlike 
melted  sugar  in  appearance.  No.  17  presented  a  very  inter- 
esting point,  in  that  the  brickette  was  well  glazed  on  top  but 
on  none  of  the  sides.  No  doubt,  as  the  piece  was  exposed 
to  flying  ash  and  dust  in  the  kiln,  a  certain  amount  of  coal 
ash  lodged  on  top  of  the  brickette.  This  coal  ash  supplied 
the  necessary  alumina  and  the  brickette  the  necessary  silica 
to  make  a  salt-glaze.  The  ash  being  unable  to  cling  to  the 
vertical  sides  of  the  brickette  left  these  portions  too  silicious 
to  make  a  glaze. 

Nos.  18,  19  and  20  showed  no  traces  of  glaze  whatever, 
and  the  salt  had  had  no  action  on  the  pieces  whatever. 
These  brickettes  had  the  same  finish  to  their  surface  as  when 
they  entered  the  kiln,  and  very  much  resembled  sand  or  bath 
bricks. 

From  Series  I  it  was  seen  that  a  clay  with  an  alumina- 
silica  ratio  of  1  to  10  gave  a  good  salt-glaze.  From  Series  III 
it  was  found  that  a  clay  with  an  alumina-silica  ratio  of  1  to 
12.6  did  not  give  a  good  salt-glaze.  The  limit  lies  between 
these  two  ratios,  but  lack  of  time  prevented  its  exact  deter- 
mination. In  view  of  this  we  shall  have  to  assume  tempor- 
arily that  the  limit  was  1  to  12.5.  This  is  more  than  likely, 
as  the  ratio  of  1  to  10  gave  a  very  good  glaze,  and  the  ratio 
of  1  to  12.5,  while  not  a  good  glaze  exactly,  still  it  was  not 
far  over  the  line. 

The  following  conclusions  may  now  be  safely  drawn 
from  the  foregoing  experiments  in  regard  to  the  alumina- 
silica  ratio. 

1.  A  clay  may  be  either  too  aluminous  or  too  silicious 
to  be  successfully  salt- glazed. 

2.  Clays  containing  alumina  and   silica  between  the 

molecular  ratio  of 

1.00  alumina  to  4.6  of  silica 
1.00       *'         "■  12.5         " 
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are  capable  of  receiving  a  salt-glaze  if  the  process  is  properly 
carried  out.  If  these  limits  are  exceeded  the  material  is  not 
suited  for  salt-glazed  ware. 

3.  While  it  is  possible  to  salt-glaze  clays  containing 
alumina  and  silica  in  the  above  ratios,  the  requirements  of 
the  process  of  making  stiff-mud  goods  would  not  permit  the 
use  of  such  silicious  clays  as  those  with  an  alumina-silica 
ratio  of  1  to  9  or  1  to  10.  That  is,  the  practical  value  of  a 
clay,  as  to  plasticity,  strength,  etc.,  will  draw  narrower  limits 
than  those  found  in  the  above  tests. 

4.  As  regards  brightness,  smoothness  and  finish  of  the 
salt-glaze,  it  makes  but  little  difference  whether  the  free 
silica  in  the  clay  is  fine  or  coarse. 

5.  As  regards  color,  the  finer  the  sand  the  lighter  the 
color  of  the  glaze.  This  has  been  substantiated  in  a  practical 
way  by  Mr.  A.  Magoon,  Superintendent  of  the  Hocking  Clay 
Manufacturing  Co. 

INFLUENCE  OF  EFFLORESCENCE. 

Having  come  to  some  conclusion  as  to  the  limits  of 
alumina  and  silica  in  a  clay  with  reference  to  its  receiving  a 
good  salt-glaze,  it  was  decided  to  next  look  a  little  into  the 
matter  of  efflorescence,  or  the  presence  of  soluble  salts  in  a 
clay  and  their  bearing  on  the  salt-glazing  question. 

Referring  again  to  the  difference  in  the  lime  contents  of 
the  Logan  clay  and  the  salt-glaze,  as  shown  by  the  analyses, 
it  is  to  be  noted  in  this  case  that  whatever  efflorescence 
comes  to  the  surface  of  the  clay  in  burning  did  not  interfere 
seriously  with  the  clay  taking  a  good  glaze.  The  analysis 
of  the  glaze  indicates  that  soluble  salts  were  ab.sorbed  and 
became  a  part  of  the  glaze. 

Professor  Orton  *  speaks  of  lime  salts  in  paving  brick 
interfering  with  their  being  salt-glazed,  and  many  practical 
sewer-pipe  burners  will  tell  you  of  the  troublesome  "scum  " 
which  makes  salt-glazing  harder  to  accomplish. 

The  question  now  arises  as  to  what  extent  the  salt- 
vapors  are  able  to  attack  efflorescence  and  secure  the  needed 


•  Ohio  Geol.  Survey,  Vol.  VII,  Pt.  I,  p.  17«. 


224 


SAIiT  GLAZING  OF  OLAT  WARES. 


alumina  and  silica  from  the  clay  beneath,  and  what  amount 
of  soluble  salts  in  a  clay  will  interfere  seriously  with  salt 
glazing  it. 

In  order  to  make  an  experiment  in  this  direction  some 
of  the  I^ogan  fire  clay  was  treated  repeatedly  with  distilled 
water  and  finally  with  hot  distilled  water,  the  water  being 
siphoned  off  after  each  treatment  until  it  was  judged  that 
whatever  soluble  salts  the  clay  contained  had  been  dissolved 
out  and  drawn  off  in  the  water.  The  clay  was  then  dried 
and  ground,  and  put  through  a  20  mesh  sieve.  Starting  with 
this  clay  soluble  salts  were  added  systematically  up  to  three 
percent.  The  soluble  salts  added  were  calcium  sulphate  and 
magnesium  sulphate  in  the  proportion  of  three  parts  of  the 
former  to  one  of  the  latter. 

The  series  was  as  follows  : 

SERIES  IV. 


No. 

Logan  Olay 

free  from 

Soluble  SalU 

OaSO« 

MgSO« 

Per  Oent. 
Soluble  SalU 

1-E 

796 

8.00 

1.00 

0.5 

2-E 

792 

6.00 

2.00 

1.0 

S-E 

788 

9.00 

3.00 

1.6 

4-E 

784 

12.00 

4.00 

2.0 

6-E 

780 

15.00 

6.00 

2.5 

6-E 

776 

18.00 

6.00 

8.0 

Two  sets  of  these  brickettes  were  made,  one  set  was  kept 
in  the  laboratory  to  dry,  in  order  to  note  the  appearance  of 
efflorescence,  if  any,  in  drying.  The  other  set  was  placed 
while  damp  in  one  of  the  Logan  kilns,  and  burned. 

Th'e  set  of  brickettes  dried  in  the  laboratory  showed 
merely  traces  of  efflorescence  which  did  not  increase  with 
the  amount  of  soluble  salts  contained  in  the  clay. 

The  brickettes  burned  and  salt-glazed  all  showed  a  good, 
smooth,  deep  brown  glaze.  The  brightness  of  the  glaze 
increased  with  the  amount  of  soluble  salts.  The  color  of 
the  glaze  in  each  case  was  remarkable  for  its  rich  brown 
tone,  being  a  deeper  color  than  is  usually  obtained  in  the 
regular  run  of  goods  from  these  kilns. 
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Whether  the  soluble  salts  which  had  been  added  to  the 
clay  were  brought  to  the  surface  in  burning,  is  a  question 
which  cannot  be  decided  with  the  data  at  hand.  The  set 
put  in  the  laboratory  to  dry,  however,  showed  that  the 
efflorescence  did  not  come  out  to  any  extent  in  drying. 

The  effect  of  efflorescence  therefore  is  still  a  matter  to 
be  decided.  That  enough  calcium  sulphate  can  exist  on  the 
surface  of  a  brick  to  prevent  its  taking  a  good  salt  glaze 
under  standard  conditions,  the  writer  has  demonstrated  by 
heavily  coating  a  number  of  green  bricks  at  the  Logan 
factory  with  plaster  of  pans  mixed  with  water,  and  placing 
same  in  different  parts  of  the  kiln.  The  surfaces  which  were 
treated  in  this  manner  came  out  slightly  glazed,  but  with  a 
dull  yellowish,  unsightly  color. 

SALT  GLAZE  CONSIDBRBD  AS  A  GLASS. 

Knett  gives  the  following  as  the  reactions  which  occur 
in  salt-glazing : 

(Al  Fe),0,  X  SiO,  4-  6  Na  C1  =  (A1  Na,),0,  X  SiO,  -|-  Fe^a. 

FeaCl«  4-3  H,0=Fe,0,  4  6  HCl 

According  to  this,  the  ratio  of  soda  to  alumina  in  the 
glaze  would  be 

8  NajO  :  AlgO, 

Langenbeck  *  says, ''  Such  glazes  (salt-glazes)  approxi- 
mate a  formula : 

1  BO,  .5  RiO„  4.  SiOs 

By  referring  to  formula  III,  deduced  from  the  actual 
analysis  of  the  Logan  salt-glaze,  namely : 


1.826  KajOl 
.008  K,0 
.297  CaO 

.008  MgO  J 


^':o?8FJ:o:{*-4i«sio. 


It  is  readily  seen  that  both  Knett  and  Langenbeck 
place  the  ratio  of  alumina  to  soda  much  lower  than  that 
found  by  the  writer  to  actually  exist  in  the  glaze. 

In  order  to  prove  the  feasibility  of  glasses  high  in 
alumina,  it  was  decided  to  make  up  a  series  of  glasses  to 
substantiate  the  glaze  formula  found  by  analysis. 


•Ohemlstiy  of  Pottery. 
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In  a  series  of  glass  experiments  Professor  Orton  *  demon- 
strates that  a  glass  of  the  following  composition : 

Oxygen  Ratio 


;5Ca6^}^-^^«^»'    O.HOSiO, 


1  :  1 


was   much   more  fusible  at  cone  8  than  a  glass  of  the  com- 
position : 

;|g*^^}0.0    A1,0.,    0.50  SiO.        Oxy^en^Ratlo 

Starting  with  the  glass  given  in  the  above  formula,  it  was 
decided  to  not  merely  increase  the  alumina  as  Professor 
Orton  had  done,  but  to  replace  the  lime  with  alumina  in 
order  to  approach  the  salt-glaze  formula,  which  is  practically: 

;|  g»5^  }  0.6  Al.O.,    2.70  8iO,  ^^^f  fl.^'''' 

To  this .  end  the  following  series  of  glasses  was  made 

up: 

SERIES  V, 


No. 

Na,0 

OaO 

A1.0, 

BIO. 

1 

0.5 

0.5 

0.0 

0.6 

2 

0.5 

0.4 

0.033 

0.5 

8 

0.5 

0.3 

0.066 

0.5 

4 

0.6 

0  2 

0.100 

0.6 

5 

0.5 

0.1 

0.183 

0.6 

6 

0.5 

0.0 

0.166 

0.5 

In  this  series  the  oxygen  ratio  was  kept  constant,  name- 
ly, 1  :1. 

These  glass  mixtures  were  placed  in  porcelain  cups  and 
fixed  in  a  test  kiln  to  cone  No.  8.  On  cooling  and  drawing 
the  kiln  the  following  results  were  noted  : 

{a)  No.  1  was  a  stony  mass,  resembling  blast  furnace 
slag. 

{6)  Nos.  2  to  6,  inclusive,  were  all  good  glasses,  well 
melted. 

(c)  No.  5  was  a  little  better  glass  than  No.  6,  showing 
lime  had  helped  the  mixture  to  some  extent. 

(d)  No.  5  was  as  good,  if  not  a  little  better  than  any  of 
the  other  glasses. 
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Taking  the  formula  for  No.  5  glass,  namely : 
and  reducing  this  to  a  basis  of  R0=  1 ,  we  obtain 

.17  Ca6^}-221  A1,0..    .88  SIO, 

It  will  be  seen  that  the  RO  contents  here  are  very  close 
indeed  to  the  RO  contents  of  the  Logan  salt-glaze. 

Having  proved  that  a  soda-alumina  glass  is  fully  as 
feasible  as  a  soda-lime  glass,  and  having  obtained  in  the  No. 
5  glass  an  RO  content  practically  the  same  as  in  the  salt- 
glaze,  a  series  was  next  prepared,  increasing  the  alumina 
and  silica  contents  of  No.  5  glass  and  also  the  oxygen  ratio, 
until  the  formula  for  the  salt-glaze  was  obtained. 

The  series  tor  this  purpose  was  as  follows : 

SERIES  VI. 


Number 

Na«0 

OaO 

Al.O, 

BIO, 

RO 

7 

0.80 

0.20 

0.221 

.88 

1  :1.00 

8 

li 

It 

0.860 

1.30 

1  :1.25 

9 

i( 

ki 

0.440 

1.76 

1  :1.50 

10 

(t 

(( 

0.510 

2.28 

1  :  1.75 

11 

(I 

u 

0.600 

2.70 

1  :  1.98 

RemarkB 


Logan  Salt- 
Glaze 


This  series  was  treated  as  the  preceding,  being  melted 
in  porcelain  cups  at  cone  No.  8. 

On  cooling  and  drawing  the  following  results  were 
noted : 

(a)    All  had  melted  to  glasses. 

{d)  Nos.  7,  8,  9  and  10  had  melted  into  solid  cakes  of 
glass,  showing  very  little  difference. 

{c)  Nos.  7  and  8  showed  no  bubbles  in  the  glass.  No. 
9  showed  a  number  of  small  bubbles  through  the  glass  mass, 
and  No.  10  showed  larger  bubbles.  But  these  were  still  very 
good  glasses. 

{d)  No.  10  while  a  glassy  mass,  very  much  the  same  in 
color  as  the  Logan  salt-glaze,  was  very  spongy  throughout. 
The  mass,  however,  was  a  good,  sharp,  well  melted  glass, 
which,  if  ground  up  and  applied  to  a  brick  surface,  would 
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undoubtedly  flow  to  a  glaze  very  similar  to  the  salt-glaze. 
The  bubbling  was  merely  due  to  insufficient  time  in  melting 
to  allow  the  carbon  gases  to  completely  escape. 

By  the  foregoing  glass  exx)eriments  it  has  been  clearly 
demonstrated. 

First.  That  in  a  soda-lime  glass  similar  to  that  shown 
by  No.  I,  Series  V,  alumina  may  replace  the  lime  in  part  or 
even  completely,  and  a  good  glass  will  still  be  obtained.  In 
other  words,  soda-alumina  glass  is  as  feasible  as  a  soda-lime 
glass  at  the  same  heat. 

Second.  That  a  little  lime  in  a  glass  mixture  of  this  type 
makes  a  little  better  glass  than  with  no  lime. 

Third,  That  a  soda-lime  alumina  glass  can  be  made  at 
cone  No.  8  with  a  wide  range  of  alumina  and  silica.  Glassy 
masses  are  obtained  with  mixtures  in  which  the  alumina 
and  silica  runs  from  0.221  AljOs,  0.83  SiO,  to  0.600  AljOg, 
2.70  SiOa. 

Fourth.  That  by  compounding  a  mixture  corresponding 
to  the  formula  deduced  from  the  analysis  of  the  salt-glaze,  a 
a  glass  is  obtained  at  salt-glazing  temperature  (cone  No.  8), 
very  similar  in  all  respects  to  the  salt-glaze  actually  obtained 
in  commercial  work.  The  analysis  of  the  salt-glaze  and  the 
subsequent  compounding  of  a  glass  from  this  analysis  there- 
fore harmonize  perfectly. 

SUMMARY. 

In  the  above  paper,  we  have  obtained  the  analysis  and 
formulse  for  both  the  clay  and  glaze  actually  used  in  success- 
ful salt-glazing  work.  Prom  the  experiments  it  was  found 
that  clays  with  a  wide  molecular  ratio  of  alumina  to  silica 
could  be  salt-glazed,  viz.:  from  1 : 4.6  to  1 :  12.5.  Also,  from 
the  glass  tests,  we  found  that  glasses  could  be  made  with  a  gen- 
erous variation  of  alumina  and  silica.  Connecting  these 
observations,  it  is  reasonable  to  suppose  that  the  salt-glaze 
on  the  different  clays  varied  in  composition  according  to  the 
clay  composition.  For  instance,  in  the  Logan  clay  and 
glaze,  the  ratio  of  alumina  to  silica  is  very  close.  Now 
when  the  ratio  in  the  clay  had  been  changed,  is  it  not  proba- 
ble that  the  composition  of  the  glaze  formed  changed,  also  ? 
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This  can  only  be  determined  by  actually  analysing  the  salt- 
glaze  formed  on  different  bodies  of  known  composition. 

By  the  efflorescence  test  it  was  demonstrated  that  up  to 
three  per  cent,  of  soluble  salts  may  be  present  in  clay  with- 
out seriously  interfering  with  salt-glazing  when  conducted 
at  cone  No.  8.  Whether  or  not,  however,  all  the  added  salts 
came  to  the  surface  was  not  determined. 

It  would  be  an  interesting  point  for  other  investigators 
in  this  line,  to  determine  the  efiFect  of  sulphurous  gases  on 
salt-glazes.  This  could  be  done  by  treating  a  piece  of  salt- 
glazed  ware  with  sulphur  gases  in  a  closed  tube.  That  the 
action  of  sulphur  has  an  important  bearing  on  the  quality  of 
the  salt-glaze  seems  highly  probable.  It  would  be  of  inter- 
est and  value  to  also  determine  the  temperature  at  which 
glazing  begins,  and  whether  it  can  be  overdone  by  high  heat. 
Also  to  ascertain  the  relation  of  the  temperatures  of  salt- 
glazing  red-burning  clays  and  bufif-buming  clays,  and  what 
effect  CaS04  or  other  soluble  salts  has  on  the  glazing  of  red- 
burning  clays.  Furthermore,  whether  steam  aids  the  process 
or  not  is  still  a  questionable  point. 

The  writer  regrets  that  the  time  set  apart  for  this  work 
on  salt-glazing  did  not  permit  of  his  looking  into  the  last 
mentioned  points,  but  hopes  that  they  will  be  investigated 
before  long. 

In  conclusion,  the  writer  desires  to  thank  especially  Mr. 
A.  Magoon,  of  the  Hocking  Clay  Manufacturing  Company, 
who  generously  took  the  time  and  trouble  to  furnish  samples 
of  his  clay  and  glaze,  and  to  take  care  of  the  burning  of  the 
experimental  trials. 
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THE  CONSTmmON  OF  CHROMIUM-TIN  PINIL 

BY 

WALTER  A.  HULL,  E.  M.,  Boi«ivab,  Pa. 

The  subject  of  the  chromium-tin  colors  offers  a  field  for 
investigation  to  which,  considering  the  extent  to  which  the 
colors  are  used  in  ceramic  work,  but  little  attention  has  been 
paid.  Most  of  the  published  information  on  the  subject  we 
owe  to  Leykauf  and  Seger.  The  former  studied  the  com- 
pounds of  chromium  and  tin  from  a  purely  chemical  stand- 
point, while  Dr.  Seger  has  given  receipts  and  directions  for 
the  production  of  ceramic  colors  by  the  use  of  these  materials* 

REVIEW  OF  PREVIOUS  INVESTIGATIONS. 

Leykauf  concluded  from  his  investigations,  Qour.  Soc. 
Chem.  Ind.,  1892)  that  chromium  stannate  can  be  obtained 
by  igniting  stannic  chromate  at  a  high  temperature,  and  forms 
a  dark  violet  mass,  from  which  glazes  varying  in  color  from 
rose«red  to  dark  violet  can  be  prepared.  He  found  that  when 
chromic  oxide  and  stannic  oxide  were  ignited  together  in  the 
proportion  of  one  of  the  former  to  fifty  of  the  latter,  that  a 
mass  composed  of  a  mixture  of  fine  crystals  and  fused,  glassy 
particles  of  a  beautiful  permanent  lilac  color  were  obtained. 
According  to  Leykauf,  *'pink  color"  consists  of  this  sub- 
stance, mixed  with  calcium  stannate. 

Leykauf 's  statement  that  '*  pink  color"  contains  chromic 
stannate  was  contradicted  by  Petrik,  who  found  that  a  pink 
coloring  body  could  be  produced  as  well  by  the  aid  of  alumina 
or  a  mixture  of  alumina  and  magnesia,  as  by  means  of  tin 
oxide.  He  used  for  the  purpose  the  precipitated  hydroxides 
obtained  from  90.6  g.  ammonia  alum,  and  24.6  g.  magnesium 
sulphate,  which  were  ground  together  with  .5  g.  potassium 
chromate.  The  mass  was  burned  twice,  being  well  washed 
after  the  first  burning.  During  the  second  burning  the  red 
color  appeared.  In  the  presence  of  a  larger  amount  of  chro- 
mic oxide,  only  a  green  color  resulted.  An  increase  in  the 
amount  of  magnesia  favored  the  formation  of  the  red  color, 
while  the  substitution  of  lime,  baryta  or  strontia  for  magnesia 
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seemed  to  have  a  contrary  effect.  Petrik  thought  that  this 
was  the  case  because  the  precipitated  alumina  was  coarser, 
and  that,  in  all  probability,  the  chromium  color  compound 
only  appears  pink  when  very  finely  divided.  From  this 
investigation,  Petrik  concluded  that  the  "  pink  color  "  does 
not  contain  chromic  stannate,  but  that  a  red  chromium  com- 
pound, apparently  chromic  oxide  in  a  finely  divided  state,  is 
precipitated  upon  the  stannic  acid  serving  as  a  ''  base." 

The  investigations  of  Leykauf  and  Petrik  are  of  consid- 
erable interest,  but  the  hypotheses  which  they  offered  in 
explanation  of  the  formation  of  the  color  are  evidently  con- 
tradictory, and  the  facts  produced  in  each  case  were  insuffi- 
cient to  establish  any  theory. 

If  we  lay  aside  the  theoretical  considerations  and  look 
for  the  useful  facts  which  have  been  published  on  the  subject, 
we  find  them  stated  briefly  in  Seger's  discussion  of  underglaze 
colors,  as  follows : 

"Chromium  oxide  with  tin  oxide  and  lime  produces  red 
tints.  The  red  colors  show  many  peculiarities  which  must 
be  considered.  They  are  obtained,  when  to  a  mixture  of 
marble  and  tin  oxide  a  small  addition  of  potassium  chromate 
is  made,  and  the  mixture  strongly  ignited.  Outside  of  the 
potassium  chromate,  quite  a  number  of  substances  produce 
the  same  effect,  but  it  is  safest  to  work  with  potassium  chro- 
mate. However,  if  too  much  of  the  latter  is  used,  (over  3  to 
4  per  cent,)  the  resisting  power  of  the  underglaze  color  is 
reduced  considerably.  If  silica  is  added  to  the  mixture  the 
color  turns  toward  red,  if  the  lime  is  decreased,  toward  lilac, 
and  excluding  the  latter  from  the  composition  entirely,  it 
becomes  a  pure  lilac  color.  A  very  strong  fire  is  necessary. 
The  red  colors  require  oxidizing  conditions,  and  are  de- 
stroyed by  reduction  but  renewed  on  continued  oxidation." 

In  addition  to  this  general  discussion,  Seger  gives,  with 
directions  for  their  preparation,  the  following  receipts : 

IHnk^Bed. 

Parts 

Pare  ignited  tin  oxide 50 

Marble 26 

Quartz  • 18 

Acid  potassiam  chromate 3 

Borax 4 

100 
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This    fritt,  after    ignition,  would   have   the   following 
formula : 

.924     CaO  )  (1.109  SiO, 

.088    KgOl  .088  Cr.O,  ^  0,076  B,0, 
,088  Na,0  )  ( 1.238  8nO, 

Beddish'Blue. 

Parts 

iRrnlted  tin  oxide 70 

Marble 28 

Acid  potassium  chromate 8 

Borax 4 

This  fritt,  after  ignition,  would  have  the  following 
formula: 

.0406     K,OV.0406  Cr.oJ.-Sf  Hno'    > 
.0414  Nalo^  '11.876    SnO, 

By  leaving  out  the  marble,  a  lilac  is  obtained  which  is 

suitable  for  white  ware,  but  cannot  resist  a  high  heat  like 

that  of  the  porcelain  kiln . 

LUac. 

PartB 

Ignited  tin  oxide GO 

Potassium  bichromate 8 

Borax 20 

of  which  the  formula  would  be : 

.163  K,0    \    lAo  nr  n    / 1674  B^O, 

The  first  of  these  receipts  is  used  by  many  potters,  not 
only  as  an  underglaze  color,  but  also  in  majolica  glazes. 
However,  in  some  cases  considerable  difficulty  is  experienced 
in  using  it,  owing  to  the  fact  that  the  glazes  destroy  the  color. 
An  example  of  this  sort  of  difficulty,  and  the  manner  in  which 
it  was  overcome,  is  found  in  the  paper  by  Mayer,  in  the 
Transactions  of  the  American  Ceramic  Society,  Vol.  I.  Mr. 
Mayer's  experiments  proved  conclusively  that  in  his  case  the 
trouble  was  caused  by  the  glaze,  and  that  another  glaze  could 
be  used,  which,  under  the  same  conditions,  did  not  destroy 
the  underglaze  color.  Why  one  glaze  destroyed  the  color 
and  another  did  not,  has  not  been  determined. 

SCOPE  OF  THIS  INVESTIGATION. 

The  experiments  described  below  were  made  for  the 
purpose  of  adding  something  to  the  available  information 
upon  the  following  phases  of  this  subject :  First.  The  most 
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fovorable  composition  for  the  pink  fritt.  Second^  The  type 
of  low  fire  glaze  which  develops  the  color  to  the  best  advan- 
tage. 

THE  MOST  FAVORABLE  COMPOSITION  OF  THE  PINK  FRITT, 

The  work  done  on  the  first  phase  of  the  subject,  con- 
sisted of  making  three  series  of  fritts,  beginning  with  a  series 
of  combinations  of  chromic  oxide  and  stannic  oxide  alone. 
Taking  the  members  of  this  series  which  had  the  highest 
allowable  ratio  of  chromic  oxide  to  stannic  oxide,  a  second 
series  was  made,  keeping  this  chrome-tin  ratio  constant,  and 
adding  an  increased  proportion  of  lime.  Finally,  the  best 
member  of  the  chrome-tin-lime  series  was  taken  as  a  basis  for 
a  third  series,  in  which  silica  was  added  in  regularly  in- 
creasing proportions. 

In  these  series,  the  tin  was  supplied  by  Sn02i  the  chro- 
mium by  CrOg  and  the  lime  by  CaCOg-  These  materials 
were  all  chemically  pure,  but  for  the  silica,  Golding  flint  was 
used.  The  Sn02i  CaCOg  and  Si02  were  all  fine  enough  to 
make  further  grinding  unnecessary,  the  coarsest  leaving 
about  3  per  cent,  on  an  80  mesh  screen.  In  making  the 
mixtures,  the  insoluble  ingredients  for  each  fritt  were  weighed 
dry,  and  placed  in  a  caserole.  The  CrOg  was  added  from  a 
burette,  a  standard  solution  being  used.  Sufficient  water 
was  then  added  to  make  the  mass  into  a  thin  paste,  which 
was  thoroughly  stirred  and  then  dried  on  a  water  bath,  the 
stirring  being  repeated  at  frequent  intervals  to  insure  an  in- 
timate mixture  of  the  ingredients.  Bach  mixture  was  then 
placed  in  an  air  bath  to  complete  the  drying,  and  finally  each 
was  thoroughly  ground  in  an  agate  mortar.  Owing  to  the 
fineness  of  the  materials  used,  it  was  possible  to  secure  a  good 
fine  mixture  with  a  reasonable  amount  of  grinding,  and  it  is 
thought  that  by  adding  CrOg  in  solution,  a  better  contact  of 
the  particles  was  secured  than  could  have  been  done  by  a 
dry  process  of  mixing. 

The  fritts  were  calcined  in  a  small  gas  furnace,  fired  by 
means  of  a  blast  lamp.  The  furnace  consists  of  a  vertical 
hollow  cylinder  of  fire  clay,  the  inside  diameter  being  about 
five  inches  and  the  height  six  inches.    The  blast  lamp  flame 
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enters  horizontally  at  the  bottom  of  the  furnace.  The  cyl- 
inder is  covered  with  a  fire  clay  disc,  in  the  center  of  which 
is  an  inch  hole  which  serves  the  double  purpose  of  a  peep 
hole  and  gas  outlet.  With  this  furnace  we  were  able  to 
reach  cone  18  with  oxidizing  conditions.  The  fritts,  about 
30  g.  each,  were  calcined  in  small  fire-clay  crucibles  without 
lids.  Each  member  of  the  first  two  series  was  fired  for  forty- 
five  minutes,  at  about  cone  16.  The  third  series  was  kept 
at  cone  8  to  10  for  an  hour. 

The  following  table  shows  the  composition  of  the  mem- 
bers of  the  first  series : 

SERIES  A-I. 


No.  of 

OompoBltlon  by  Weight 

EqalTalents. 

Frltt 

Parts  of  BnO. 

Part!  of  OrO, 

SnO. 

Or.O, 

1 

50 

.015 

2 

40 

.0185 

3 

80 

.025 

4 

20 

.0375 

6 

15 

.050 

6 

10 

.075 

7 

5 

.150 

8 

2.5 

.300 

The  appearance  of  the  fritts  of  the  first  series,  after  cal- 
cination, were  as  follows : 

Bach  fritt  was  in  a  soft  friable  mass,  none  of  them  having 
formed  a  hard  cake.  The  color  of  the  first  four  was  a  rich 
purple,  nearly  as  strong  in  one  as  in  the  other.  Beginning 
with  No.  4,  there  came  a  regular  gradation  of  color,  ranging 
from  a  rich  purple  to  the  green  of  CrgOg.  This  showed  that 
with  these  conditions  the  maximum  allowable  molecular 
ratio  of  CrgOs  to  Sn02  was  .0375  :  1.  Above  this  ratio  the 
excess  of  Sn02  was  not  great  enough  to  prevent  the  existence 
of  free  CrjOs- 

No.  4  of  this  series  was  allowed  to  cool  very  slowly  in 
order  to  favor  the  formation  of  crystals,  and  was  then  exam- 
ined microscopically.  The  microscope  revealed  isolated 
white  particles  and  colored  masses,  which  showed  no  distinct 
granular  or  crystalline  particles.  When  viewed  through 
crossed  Nicol's  prisms,  no  evidence  of  crystallization  could 
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be  detected.  This  does  not  correspond  to  the  description 
given  by  Leykanf.  It  is  true  that  the  white  particles  looked 
like  crystals,  but  they  failed  to  show  any  evidence  of 
polarization. 

For  the  second  series,  the  ratio  of  SnO^  to  CrOg  was 
maintained  the  same  as  that  in  No.  4  of  the  first  series,  and 
the  lime  was  increased  as  shown  in  the  following  table : 

SERIES  A-II. 


No.  of 

PeroentB  by  Weight 

Moleonlar  Proportions 

Fritt 

Frltt  No.  4 

OaOO, 

8nO, 

OaO 

Or.O, 

9 

100 

0 

.0 

.0376 

10 

80 

20 

.891 

.0375 

11 

60 

40 

1.04 

.0876 

12 

40 

60 

2.34 

.0375 

13 

20 

80 

6.26 

.0875 

The  eflfect  of  the  lime  upon  the  chrome-tin  fritt  was  very 
marked.  No.  10  was  a  reddish-brown,  while  No.  11  was  a 
stronger,  deeper  brown.  The  higher  numbers  became  glassy, 
and  the  color  took  on  a  greenish  cast,  which  predominated 
in  the  highest  numbers.  No.  13  melted  to  a  green  glass, 
which  attacked  the  crucible  strongly. 

Taking  the  chrome-tin-lime  ratio  of  11,  the  eflFect  of  Si02 
was  then  tried  by  the  following  series : 

SERIES  A-ni. 


No.  of 

Molecular  Proportions 

Frltt 

BnO, 

OaOO, 

BIO. 

Or.O, 

14 

.0 

.0876 

16 

.5 

.0376 

16 

1.0 

.0876 

17 

1.6 

.0376 

18 

2.0 

.0376 

In  this  series  the  colors  ranged  from  a  strong  brown  in 
No.  14  to  a  strong  pink  in  No.  18.  The  difference  in  shade 
between  Nos.  16,  17  and  18  was,  however,  very  slight,  and 
any  of  these  would  pass  for  a  good  pink  fritt. 
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It  would  require  a  much  more  extended  investigation 
than  this  to  determine  to  what  extent  the  proportions  of 
these  fritt  ingredients  could  be  varied,  and  a  good  fritt  be 
obtained.  The  following  consideration  made  it  seem  desira- 
ble to  use,  in  the  glazes  to  be  tried,  a  formula  not  dififering 
widely  from  that  of  the  upper  numbers  of  Series  A-III : 

1.  The  tin  might  be  raised  without  detriment  to  the 
fritt  itself,  but  it  is  not  considered  desirable  to  introduce 
more  tin  than  is  necessary  into  soft  fire  glazes.  It  may  be 
that  the  tin  could  be  decreased,  but  the  results  of  these 
experiments  do  not  indicate  that  this  could  be  done  to  any 
considerable  extent. 

2.  Series  A-I  indicates  that  the  quantity  of  chromic 
oxide  is  as  high  as  is  allowable. 

3.  The  lime  was  purposely  made  as  high  as  Series  A-II 
would  warrant. 

4.  This  fritt  corresponded  closely,  both  in  appearance 
and  in  composition  to  the  pink  fritt  recommended  by  Seger, 
except  that  the  tin  is  lower  in  the  fritts  of  Series  A-III. 
Seger's  fritt,  however,  was  intended  for  an  underglaze  color  for 
porcelain,  and  in  that  case  a  high  excess  of  tin  in  the  fritt 
would  not  be  detrimental  to  the  glaze. 

THE  EFFECT  OF  LEAD  AND  BORACIC  ACID  UPON  THE 
CHROMIUM-TIN  PINK  IN  LOW  FIRE  GLAZES. 

As  has  been  stated,  it  was  desired  to  determine  what 
type  of  low  fire  glaze  is  most  favorable  for  the  development  of 
the  pink  color.  In  planning  this  investigation,  the  following 
facts  were  to  be  taken  into  consideration : 

1.  Too  high  a  lead  content  in  the  glaze  is  detrimental 
to  the  color.  Professor  Orton,  in  one  of  his  lectures  on  the 
subject  of  colored  glazes,  states  that  in  a  chromium-tin  pink 
glaze  not  more  than  .45  equivalents  of  lead  is  permissible. 
Moreover,  preliminary  tests  of  my  own  with  a  glaze  con- 
taining .6  equivalents  of  lead  failed  to  produce  a  pink  glaze 

at  all. 

2.  Seger  states  that  boracic  acid  in  the  fritt  changes 
the  color  toward  purple,  and  it  was  expected  that  boracic 
acid  in  the  glaze  would  produce  the  same  effect  to  some 
extent.  ' 
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In  view  of  these  facts  the  problem  seemed  to  resolve 
itself  into  the  following  phases :  First^  To  determine  the 
permissible  content  of  lead.  Second,  To  find  how  mnch 
BsOa  is  allowable.  Third,  To  design  a  glaze  maturing  at 
cone  02  or  01,  in  which  these  limits  of  composition  are  not 
exceeded. 

The  first  thing  which  was  attempted  in  this  connection 
was  to  determine  the  effect  of  increasing  the  content  of 
boracic  acid  in  a  glaze  containing  lead.  The  glaze  selected 
for  this  purpose  had  the  following  formula : 

0.26  PbO        )  fftOftKPrn 

0.26  KNaO  \  0.2  A1,0„    2.00  810,   {  rVS  Sn'n  ' 
0.60  CaO      j  \  0.186  8nO, 

It  was  thought  that  .26  equivalents  of  lead  was  not 
suj£cient  to  be  detrimental  to  the  color,  and  that  quantity 
was  accordingly  used  to  help  in  softening  the  glaze. 

The  boracic  acid  was  introduced  into  the  glaze  by  the 
use  of  a  fritt  of  the  following  composition : 


Of  §5505  0.064  A1.0.{J:^|fo«. 


The  pink  fritt  used  in  this  series  was  the  underglaze 
pink  recommend  by  Seger: 


0.924  CaO 
0.088  K 
0.088  Na 


*^   1 1.109  SiO,     f  1.288  8nO, 
J"qJ0.076  B,0,   \0.038Cr,O, 


The  composition  of  the  glazes  of  this  series  is  shown  by 
the  following  table : 

SERIES  B. 


No. 

PbO 

ICNaO 

CaO 

A1.0, 

BlOs 

B.O. 

Or,0, 

BnOft 

1 

.26 

.26 

.60 

.2 

2.00 

.86 

.006 

.186 

2 

.26 

.26 

.60 

.2 

2.00 

.40 

.006 

.186 

8 

.26 

.26 

.60 

.2 

2.00 

.46 

.006 

.186 

4 

.26 

.26 

.60 

.2 

2.00 

.60 

.006 

.186 

It  will  be  seen  that  the  boracic  acid  varies  between 
somewhat  narrow  limits  in  this  case,  but  the  range  proved  to 
be  wide  enough  for  the  purpose. 

The  method  of  preparation  of  these  glazes  and  of  all 
those  which  will  be  discussed,  was  as  follows : 
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The  batches  for  the  first  and  last  glaze  of  each  series 
were  weighed  out  and  ground  wet  in  porcelain  ball  mills* 
After  grinding,  the  glaze  batches  were  screened  through  a 
160  mesh  screen.  As  most  of  the  materials  were  finely 
ground  to  start  with,  two  or  three  hours  of  grinding  were 
sufficient  in  all  cases,  to  make  the  glaze  slip  go  through  the 
160  mesh  sieve  like  so  much  water.  After  screening,  the 
slip  was  allowed  to  settle  and  the  supernatant  water  syphoned 
off  as  closely  as  possible.  A  sample  of  each  slip  was  then 
taken  and  the  quantity  of  dry  material  per  unit  of  slip  deter^ 
mined.  This  completed  the  data  necessary  to  calculate  the 
proportions  in  which  the  two  slips  would  have  to  be  blended 
to  produce  the  intermediate  numbers  of  the  series. 

The  manner  of  the  preparation  of  the  fritts,  except  in 
the  case  of  the  pink  fritts,  for  which  a  description  has 
already  been  given,  was  to  grind  the  fritt  batch  dry  to  secure 
a  good  mixture,  and  melt  it  in  a  large  Hessian  crucible  in 
the  gas  furnace  already  described.  The  fritt  when  melted, 
was  poured  from  the  crucible  into  cold  water,  replacing  and 
refilling  the  crucible  and  repeating  the  operation  as  many 
times  as  necessary.  Pritts  could  be  poured  in  this  way 
which  would  not  readily  run  through  an  opening  in  the 
bottom  of  the  crucible.  After  being  crackled  in  this  way,  a 
fritt  would  be  ground  wet  in  a  glaze  mill,  screened  through 
160  mesh  sieve,  allowed  to  settle  and  the  water  syphoned 
off.     The  fritt  was  then  dried  ready  for  weighing. 

The  burning,  unless  otherwise  stated,  was  done  in  a 
down-draft  test  kiln.  With  this  kiln  it  was  possible  to  get  a 
fairly  uniform  distribution  of  the  heat  and  to  make  as  good 
a  burn  as  can  be  expected  with  a  test  kiln  having  but  one 
furnace.  Of  course,  there  were  short  periods  of  reduction, 
when  fresh  fuel  was  added,  but  this  by  careful  firing  could 
be  kept  from  going  too  far.  Coke  was  used  for  fuel  in  each 
burn  until  a  red  heat  was  reached.  At  that  stage  the  use 
of  coal  was  commenced.  However,  no  fresh  coal  was  thrown 
upon  the  grate  bars,  but  was  placed  upon  the  coking  plate 
just  inside  the  furnace  door  and  kept  there  till  most  of  the 
volatile  part  of  the  fuel  was  roasted  out  before  spreading 
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over  the  bars.     In  this  way  the  condition  of  the  kiln  gases 
was  kept  fairly  nniform. 

The  glazes  were  all  applied  to  white  tiles,  4j^  inches 
long  by  1  inch  in  width  and  set  in  saggers,  which  were  then 
covered  and  luted  tight 

The  trials  of  series  B  were  set  on  end  in  a  large  sagger 
and  placed  near  the  top  of  the  kiln.  Cones  were  placed  in 
front  of  the  sagger  in  a  smaller  sagger  placed  on  its  side. 
In  burning,  the  heat  was  raised  as  rapidly  as  it  could  be  and 
still  keep  the  predominating  conditions  of  the  kiln  strongly 
oxidizing.  Cone  04  was  reached  in  eleven  hours.  The  heat 
was  brought  up  more  slowly  during  the  next  hour  and  the 
firing  discontinued  at  the  end  of  the  twelfth  hour,  with  cone 
02  down  in  the  front  sagger,  01  having  been  reached  in  the 
sagger  with  the  trials. 

In  the  resulting  glazes,  the  eflFect  of  the  boracic  acid  was 
apparent.  As  was  expected,  the  boracic  acid  softened  the 
glaze,  but  also  seemed  detrimental  to  the  color. 

The  appearance  of  the  individual  pieces  was  as  follows : 

Glaze  B'l. 

B208=.35^This  glaze  was  somewhat  immature  and 
showed  a  tendency  to  bead  up,  leaving  patches  of  bare  sur- 
face on  the  tile.  Slight  tendency  to  flow.  The  color  was  a 
deep,  strong  maroon. 

Glaze  B'2. 

B2O8=.40 — Glaze  fairly  well  matured,  with  some  ten- 
dency to  flow.  Glaze  would  pass  aside  from  color.  Color, 
slightly  inferior  to  B-1,  there  being  some  white  flocky  segre- 
grations  which  are  detrimental.  Shade  neatly  the  same  as 
that  of  B-1. 

Glaze  B-^, 

B208=.46 — This  is  a  good  nature  glaze  but  its  appear- 
ance is  bad.  The  flocky  segregations,  apparently  due  to  tin, 
predominate. 

Glaze  B-4. 

B2O8=.50— In  this  glaze  the  pink  is  almost  entirely 
destroyed  and  the  tin-enamel  effect  is  solid  instead  of 
flocky. 
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It  is  evident  that  in  this  glaze,  the  nse  of  more  than  .4 
equivalents  of  boracic  acid  is  not  permissible.  It  is  also 
evident  that,  under  the  conditions,  at  least  .4  B^Og  is  re- 
quired in  order  that  the  glaze  will  mature.  Moreover,  the 
color  is  not  bright  enough  to  be  satisfactory  in  any  of  the 
pieces. 

The  only  definite  conclusion  that  can  be  drawn  from 
this  series  is  that  this  particular  glaze,  (B-1)  does  not  develop 
a  good  pink  color  when  softened  with  suj£cient  BjOa  to 
make  it  mature  under  the  conditions  described  at  cone  01. 

In  order  to  determine  more  definitely  the  effect  of  differ- 
ent equivalents  of  PbO  and  BjOs  upon  the  color,  three 
series  of  glazes  were  made,  being  so  designed  as  to  keep  the 
acid  ratio  and  the  alumina  content  constant  throughout.  In 
one  case,  SiO]  alone  was  used  for  the  acid,  and  in  the  RO 
group  the  ratio  of  KNaO  to  CaO  was  kept  approximately 
1 :  2,  while  the  content  of  PbO  increased  regularly  by  addi- 
tions of  .2  equivalents.  In  the  other  series  the  RO  group 
was  maintained  constant,  while  the  SiOj  was  replaced  by 
successive  additions  of  .2  equivalents  of  BgOa.  Finally  a 
series  was  made  in  which  the  acid  ratio  was  kept  constanti 
but  the  PbO  was  made  to  decrease,  while  the  B^O]^  increased. 
The  extremes  for  these  series  were  as  follows : 

1.  A  fritted  soda-lime  glaze  free  from  both  PbO  and 
BjOa  • 

0.88  KNaO  ?  n  nn  Al  O        2  RIO    ^  ^-^^  ^'i^' 
0.67  CaO      I  2.00  A1,U„     -2  BlU,  '^  0^44  gj^^ 

In  making  this  glaze,  a  fritt  of  the  following  composi. 
tion  was  used,  obviating  the  use  of  much  raw  material,  and 
thereby  softening  the  glaze  considerably : 

o!^  cS*^ !  ^-^^  -^^•^»'  ^-^  s^^« 

2.  A  raw  lead  glaze  without  BjOs : 

0.851  PbO     )  ( ft  or»  Pr  n 

0.011  KNaO  V  0.2  AI,0„  2.00  810,    X-VV?  k^JT* 
0.188  CaO     J  ^  ^'^^  ®°^« 

In  this  glaze,  the  CaO  and  KNaO  were  only  such  as 
were  necessarily  brought  in  by  the  pink  fritt. 
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3.     A  fritted  boracic  acid  glaze  without  lead : 


0.83 

0.67 


KNaO  U  9  Ai  n     /  1<^  8iO,  \  0.005  Cr.O, 
CaO      i  ^--^  ^^•"«    1 1.00  B,0,  ;  0.144  8nO, 


In  the  batch  for  the  glaze  the  amount  of  raw  material 
was  reduced  to  .05  equivalents  of  clay,  by  using  the  follow- 
ing fritt: 

0.878  KNaO\  m7ft  ai  o    /   •858  SiO, 
0.622  CaO      /  "'^^^  ^^•"«  1 1.170  B,0, 

In  these  three  series  a  pink  fritt  of  the  following  compo- 
sition was  used : 

0.924  CaO    ^ 
OOaSK^O     ll-288  8nO, 

0.088  Na.O , 

The  following  tables  contain  the  formulae  of  the  glazes 
obtained  by  blending  the  extremes : 

SERIES  C. 


No. 

PbO 

ENaO 

OaO 

AI.O. 

BlOs 

Or,0, 

8nOs 

1 

.000 

.880 

.670 

.2 

2.0 

.005 

.144 

2 

.200 

.254 

.544 

.2 

2  0 

.005 

.144 

8 

•  .400 

.180 

.420 

.2 

2.0 

.005 

.144 

4 

.600 

.105 

.294 

.2 

2.0 

.005 

.144 

5 

.851 

.011 

.188 

.2 

2.0 

.005 

.144 

SERIES  D. 


No. 

KNaO 

OaO 

A1.0, 

BIO, 

B.O. 

Or,0, 

BnOft 

1 

.38 

.67 

.2 

2.0 

0.0 

.005 

.144 

2 

.83 

.67 

.2 

1.8 

0.2 

.005 

.144 

8 

.83 

.67 

.2 

1.6 

0.4 

.005 

.144 

4 

.83 

.67 

.2 

1.4 

0.6 

.005 

.144 

5 

.33 

.67 

.2 

1.2 

0.8 

.005 

.144 

6 

.88 

.67 

.2 

1.0 

1.0 

.005 

.144 

SERIES  E. 


No. 

PbO 

KNaO 

OaO 

A1,0, 

810. 

B,0. 

Or.O, 

BnOs 

1 

.851 

.011 

.138 

.2 

2.0 

0.0 

.005 

.144 

2 

.681 

.075 

.244 

.2 

1.8 

0.2 

.005 

.144 

3 

.511 

.139 

.350 

.2 

1.6 

0.4 

.005 

.144 

4 

.340 

.208 

.456 

.2 

1.4 

0.6 

.005 

.144 

5 

.170 

.266 

.568 

.2 

1.2 

0.8 

.005 

.144 

6 

.000 

.830 

.670 

.2 

1.0 

1.0 

.005 

.144 
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The  glazes  of  these  series  were  prepared,  dipped,  set 
and  burned  as  described  for  series  B. 

The  results  obtained,  while  they  failed  to  give  the  color 
that  was  desired,  demonstrated  unmistakably  the  effects  of 
lead  and  boracic  acid  in  the  glaze. 

Series  C  showed  a  regular  gradation  from  a  fairly  good 
pink  color  in  C-1  to  a  glaze  in  C-5,  in  which  there  was  no 
resemblance  whatever  to  a  pink  color.  Individually,  the 
glazes  were  as  follows : 

G/ajse  C-i. 

PbO=0 — Glaze  immature.  Color  pink,  but  dull,  owing 
to  immaturity  of  glaze.  This  same  glaze  when  fired  to  cone 
3,  gave  a  good  clear  pink. 

Glaze  C-2, 

PbO=.2 — Very  bright  and  pretty  pink  enamel  over 
greater  portion  of  surface,  surrounded  by  a  border  of  white 
enamel.  The  glaze  is  somewhat  immature.  The  same 
glaze  was  burned  at  cone  3  and  though  over-burned,  gave  a 
strong  pink  color  with  a  fringe  of  white. 

Glaze  C-3. 

Pbo=.4 — Strangely  enough,  this  number  shows  more 
of  a  tendency  to  bead  up  and  have  bare  spots  on  the  surface 
of  the  tile.  The  appearance  is  that  of  an  immature  enamel, 
fringed  with  white,  with  a  flush  of  pinkish  brown  over  the 
remainder  of  the  surface.  The  shade  is  much  darker  than 
in  C-2. 

Glaze  C-4.. 

PbO=.6 — A  gray  opaque  enamel,  beaded  to  some  extent. 
It  is  found  by  breaking  the  piece  so  as  to  show  it  in  cross- 
section,  that  this  enamel  is  mature  only  at  the  surface, 
beneath  which  the  color  is  not  destroyed. 

Glaze  C-5. 

PbO=.851 — Very  ugly  enamel  with  a  tinge  of  green. 
Prom  this  series  it  is  evident  in  the  first  place  that  none  of 
the  glazes  will  mature  at  cone  01  with  the  sort  of  bum 
described;  and  in  the  next  place  that  for  this  glaze  the 
upper  limit  of  PbO  lies  somewhere  between  .  2  and  .4  equiv- 
alents.    In  this  series,  as  also  in  the  one  preceding  it,  the 
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quantity  of  pink  fritt  was  too  great.  The  colors,  where  not 
destroyed}  were  unnecessarily  strong,  the  glazes  too  opaque, 
and  naturally  more  flux  was  required  to  produce  a  mature 
glaze  than  would  be  necessary  if  less  of  the  pink  fritt  were 
used.  It  is  thought  that  C-2  and  C-3  would  be  considera- 
bly improved  by  using  only  enough  pink  fritt  to  introduce 
.003  instead  of  .006  equivalents  of  CrjOs. 

In  Series  D  we  have  the  effects  of  B2O3  even  more 
clearly  demonstrated.  The  glazes  change  progressively  from 
immature  pinks  in  D-1  through  a  series  of  mature  purplish 
pinks,  to  a  dark  purple  glaze,  which  is  very  immature  at  the 
other  extreme. 

Glase  D-i. 

Same  as  C-1. 

Glaze  D-2. 

BjOg^^.  2 — This  glaze  is  somewhat  immature.  The  color 
though  not  fully  developed,  is  a  deep  strong  maroon.  The 
same  glaze  fired  to  cone  3  resulted  in  a  good  smooth  glaze 
with  a  strong  pink  color,  slightly  tinted  with  purple. 

Glaze  D-J. 

BjOs^.^ — This  glaze  is  badly  scummed  but  is  perfect  in 
other  respects.  The  color  is  a  strong  dark  pink  with  a 
marked  purplish  tint. 

Glaze  D-4. 

B203=.6 — Glaze  not  quite  mature.  In  appearance  very 
bad.  It  has  a  mottled  effect  produced  by  flocky  seggrega- 
tions  of  a  pale  purple  color,  replacing  the  pink.  In  this 
glaze  the  B2O3  is  evidently  too  high. 

The  next  two  numbers,  D-6  and  D-6,  are  both  far 
beyond  the  limit.  Both  are  immature,  and  a  very  dark 
purple  in  color. 

D-3  is  by  far  the  best  number  in  this  series.  On  one 
side  of  D-3  in  the  series,  the  lower  limit  of  B2O3  is  marked 
by  D-2  with  .2  B2O3,  while  on  the  other  side  the  upper  limit 
is  passed  before  D-4  with  .6  B20g  is  reached. 

This  series  leads  us  to  the  following  conclusions : 

1.  That  B2O8  gives  a  purple  tint  to  the  pink  color. 

2.  That  in  this  glaze  the  quantity  of  B2O3  that  can  be 
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used  is  below  .6  equivalents.  The  results  of  this  series  are 
consistent  with  those  of  series  B,  in  which  the  best  glaze 
contained  .4  B^Os*  The  softening  efifect  of  the  fritting  in 
series  D  is  obtained  in  series  B  by  the  use  of  .25  PbO.  The 
color  is  better  in  the  glaze  without  lead,  and  yet  the  com- 
parison indicates  that  as  much  B2O3  is  permissible  in  one 
case  as  in  the  other. 

Series  £.  In  view  of  the  results  obtained  in  Series  C 
and  D  it  is  apparent,  that  no  member  of  Series  B  can  be 
satisfactory ;  for  as  we  go  down  the  list  in  the  table,  we  see 
that  before  we  get  below  the  upper  limit  oi  PbO,  we  pass 
above  the  upper  limit  of  B2O3,  and  therefore  the  limit  of 
either  PbO  or  B^Og  is  exceeded  in  every  number  of  the 
series.  E-4,  whose  composition  is  above  the  limit  in  both 
PbO  and  BjOg.  but  not  far  above  either,  would  naturally  be 
selected  as  the  nearest  approach  of  any  to  a  favorable  com- 
bination. 

An  inspection  of  this  series  shows  that  the  actual  results 
are  exactly  what  we  would  expect,  and  are  therefore  entirely 
consistent  with  the  preceding  series.  E-l,  B'2  and  E-S 
resemble  C~5  and  C-4  which  are  also  high  in  lead,  while 
E^5  and  E-6  are  almost  identical  with  D-5  and  D-6,  con- 
taining respectively  the  same  equivalents  of  B^Og.  E-4  is 
not  so  good  as  D-4,  owing  to  its  lead  content.  This  makes 
the  series  consistent  throughout. 

We  may  therefore  conclude  that  in  glazes  of  the  types 
employed  in  these  tests : 

1.  A  high  lead  content  destroys  the  color  of  the 
chromium-tin  pink. 

2.  A  high  content  of  boracic  acid  is  also  detrimental  to 
the  pink  color,  and  boracic  acid  in  any  quantity  gives  the 
color  a  purple  tint. 

3.  The  allowable  limit  of  PbO  is  below  .4  equiva- 
lents. 

4.  The  limit  of  BjOj^  is  below  6.  equivalents. 

In  view  of  these  results,  it  is  apparent  that  with  a  glaze 
of  the  type  employed  up  to  this  point,  a  lead  glaze  without 
boracic  acid  will  not  answer  the  purpose :  for  not  only  does 
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a  high  lead  content  destroy  the  pink  color,  but  it  also 
produces  a  glaze  which  beads  up  and  will  not  lie  smooth, 
and  the  higher  the  lead  content  is  made,  the  worse  the  glaze 
behaves.  Moreover,  with  a  leadless  glaze,  while  it  is  possi- 
ble to  produce  the  desired  effect  at  cone  3  or  4  by  the  use  of 
boracic  acid,  we  find  that  when  sufficient  boracic  acid  is  used 
to  mature  the  glaze  at  cone  01,  the  color  effect  is  destroyed. 
Neither  lead  nor  boracic  acid  alone  is  able  to  soften  the 
glaze — 

RO,0.2  Al.O,,  2.00  SiO.  {S^s''n»8|  j 

enough  to  make  it  mature  at  cone  01  without  being  detri- 
mental to  the  color.  Nevertheless,  since  the  effects  produced 
by  the  lead  and  boracic  acids  were  opposite  in  character,  it 
was  thought  that  as  much  or  more  of  each  could  be  used 
with  the  other  as  without  it,  combining  their  softening 
effects,  and  neutralizing  the  detrimental  tendencies  of  each 
other. 

It  was  therefore  decided  to  make  another  series,  in  which 
both  the  lead  and  boracic  acid  should  be  regularly  increased, 
in  order  to  determine  to  what  extent  each  could  be  used  in 
connection  with  the  other.  But  before  making  these  tests,  it 
was  considered  desirable  to  determine  whether  it  would  be 
feasible  to  reduce  the  refractoriness  of  the  glaze  by  decreas- 
ing the  ratio  of  CaO  to  KNaO,  or  by  decreasing  the  acidity 
of  the  glaze.  It  was  also  decided  to  reduce  the  quantity  of 
pink  fritt  in  the  glaze,  as  this  is  one  of  the  refractory  agents. 

The  effect  of  decreasing  the  lime-soda  ratio  was  tried  by 
the  use  of  the  following  series : 

SERIES  F. 


No. 

of 

Glase. 

KNaO 

OaO 

A1.0. 

BlOs 

Or»0, 

BnOft 

Ratio 
(OaO:KNaO) 

1 

.883 

.666 

0.2 

2.00 

0.008 

0.087 

2.00:1 

2. 

.400 

.600 

(( 

i( 

(( 

ti 

1.50:1 

8 

.600 

.600 

(1 

(( 

t( 

(( 

1.00:1 

4. 

.600 

.400 

ti 

ti 

ii 

ti 

0.66:1 

6. 

.666 

.838 

(I 

(i 

u 

ti 

0.51:1 

17Ccr 
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In  making  F-1,  the  following  fritt  was  used: 

The  raw  materials  added  to  this  fritt  to  make  the  glaze 
were : 

Spar 04  Equivalents 

Clay 047         ^* 

Flint 6»8 

The  glaze  batch  contained  over  50  per  cent  of  the  lime- 
soda  fritt. 

For  F-6,  a  fritt  was  designed  as  follows,  leaving  only 
.07  equivalents  of  raw  clay  to  add  to  the  glaze  batch : 

O.^CaO*^   }0.148  A1,0„   1.94  SiO, 

As  a  consequence,  some  allowances  should  be  made  in 
considering  these  results,  for  the  fact  that  toward  the  latter 
end  of  this  series,  a  greater  proportion  of  the  glaze  mixture 
is  fritted  and  that  this  tends  to  reduce  the  refractoriness 
somewhat.  This  difiference  was  probably  not  great  enough 
to  be  of  much  consequence,  however. 

These  glazes  were  fired  in  the  up-draft  test  kiln,  cone  6 
being  reached  in  about  fourteen  hours.  The  resulting  glazes 
showed  the  following  effects  : 

As  the  ratio  of  CaO  to  KNaO  decreased,  the  fusibility 
increased  somewhat,  but  F-5  was  the  only  one  which  was 
fully  mature.  However,  with  the  increase  of  fusibility  there 
was  an  increasing  tendency  for  the  glazes  to  bubble  even 
though  immature.  The  last  ones  of  the  series  were  rough 
at  the  edges,  while  smooth  over  the  surface  of  the  tile.  As 
to  color,  the  detrimental  effects  of  the  lower  lime-soda  ratio 
was  not  so  great  as  had  been  anticipated,  yet  the  color 
degenerated  steadily  from  a  bright  pink  in  F-1  toward  brown 
in  F-5. 

After  making  this  test,  it  was  decided  to  continue  the 
use  of  the  high  test  ratio  —  CaO:  KNaO=2:l,  because  the 
softening  effect  of  the  lower  ratio  was  not  considered  great 
enough  to  compensate  for  the  detrimental  effect  on  the  color. 

Having  fixed  on  a  lime-soda  ratio,  another  series  was 
made  to  determine  whether  a  reduction  in  acidity  would 
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produce  a  less  refractory  glaze.  In  order  that  all  the  con- 
ditions except  the  acid  ratio  should  remain  constant  in  this 
series,  all  the  ingredients  of  both  extremes  were  fritted.  The 
series  was  as  follows : 


SERIES  G. 


No.  of  Glaae 

KNaO 

OaO 

Al^, 

810, 

Or^, 

SnO. 

Aoid  Ratio 

1. 

0.888 

0.666 

0.200 

2.00 

.003 

.087 

2.50 

2. 

(1 

ii 

0.170 

1.70 

ii 

l4 

2.26 

8. 

14 

ti 

0.148 

1.48 

IC 

Ci 

2.00 

4. 

it 

C( 

0.118 

1.18 

ti 

(( 

1.76 

5. 

<i 

tt 

0.097 

0.97 

Ii 

ti 

1.60 

This  series,  like  series  P,  was  fired  to  cone  5  in  about 
fourteen  hours.  The  result  was  not  at  all  in  favor  of  a  lower 
ratio  than  2. 5.  This  glaze,  G-1,  which  is  the  same  as  C-1,  D-1, 
and  P-1  was  slightly  immature,  as  was  expected,  but  of  fairly 
good  color.  However,  as  the  ratio  decreased,  no  good  glazes 
were  produced,  all  being  immature,  rough  and  badly 
blistered.  The  color,  also,  became  poorer.  It  was  decided, 
therefore,  that  for  lime-soda  glaze  at  least  the  acidity  was 
none  too  high,  and  the  type  glaze  RO,  .2  AljOg  2  Si02  was 
retained  for  the  remaining  series. 

As  has  been  stated,  the  following  set  of  series  was 
designed  to  demonstrate  the  combined  effects  of  lead  and 
boracic  acid  when  used  together.  In  each  series  the  lead 
content  was  kept  constant,  while  the  B^Og  was  regularly  in- 
creased by  increments  of  .1  equivalent  from  nothing  up  to 
.5  equivalent,  beyond  which  it  was  judged  unnecessary  to  go. 

The  lead  content  of  the  first  series  was  placed  at  .15 
equivalent,  and  each  successive  series  contained  an  addition 
of  .10  equivalent,  making  the  lead  content  of  the  fourth 
series  .  45  equivalent,  which  was  supposed  to  be  above  the 
limit. 

The  series  were  as  follows : 
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SERIES  H. 


No. 

PbO 

OaO 

KNaO 

A1,0. 

BiO> 

B.O. 

Or.O, 

8n0a 

1 

0.16 

0.666 

0.288 

0.2 

2.0 

0.0 

0.008 

0.087 

2 

14 

1.9 

0.1 

8 

•1 

1.8 

0.2 

4 

(« 

1.7 

0.8 

6 

'• 

il 

1.6 

0.4 

6 

C4 

1.6 

0.6 

SERIES  I. 


No. 

PbO 

OaO 

KNaO 

A1.0, 

810. 

B,0, 

Or,0, 

BnOs 

1 

025 

0.60 

0.26 

0.2 

2.0 

0.0 

0.008 

0.087 

2 

1.9 

0.1 

8 

1.8 

0.2 

4 

1.7 

0.8 

6 

1.6 

04 

6 

1.5 

0.5 

SERIES  J. 


No. 

PbO 

OaO 

KNaO 

A1.0, 

810. 

B»0, 

Or.O, 

BnOa 

1 

0.85 

0.438 

0.216 

0.2 

2.0 

0.0 

0.008 

0.087 

2 

1.9 

0.1 

(t 

8 

1.8 

0.2 

1. 

4 

1.7 

0.3 

tc 

5 

1.6 

0.4 

(1 

6 

1.6 

0.5 

<c 

SERIES  K. 


No. 

PbO 

OaO 

KNaO 

A1,0, 

BIO. 

B.O. 

Or.O, 

RnO« 

1 

0.46 

0.366 

0.183 

0.2 

2.0 

0.0 

0.003 

0.087 

2 

CI 

i( 

li 

II 

1.9 

0.1 

II 

cc 

8 

li 

il 

(I 

CI 

1.8 

0.2 

il 

cc 

4 

cc 

(1 

(1 

41 

1.7 

0.8 

cc 

cc 

6 

(1 

(1 

11 

CC 

1.6 

0.4 

cc 

cc 

The  glazes  of  these  series  were  made  by  blending  the 
three  following  glazes : 

1.  A  raw  lead  glaze  nearly  as  high  in  lead  as  the  lime 
and  alkalies,  introduced  by  the  pink  fritt  would  permit : 

0;i33  CaO      (  0^  A1,0„  2.0  SIO,  \  5"^  ^^f?» 
0.066  KNaO  )  ^  ^'^  ^^^« 
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2.  A  fritted  boracic  acid  glaze : 

0.666   CaO    ?ao  ai  n    Jl-O  SIO,  /  0.003  Cr,0. 
0.388  KNaO  }  ^'^  ^«^»  { 1.0  B,0, 1 0.087  SnO, 

This  glaze  was  made  without  any  raw  ingredients,  using 
the  pink  fritt  and  one  of  the  following  composition  : 

0.359  KNaO  S  "'^  ^*"«  1 1.100  BjO, 

In  all  the  Series  except  A  and  B,  the  pink  fritt  given 
for  Series  C  has  been  used. 

3.  A  fritted  lime-soda  glaze,  made  exactly  as  described 
for  F-1,  as  follows: 

0.666  CaO      1  a  n  a  i  ri     q  nn  oin   J  0.008  Cr.Os 
0.838  KNaO  r'^  ^2«s.  »•""  Wivj,  j  ^q^  g^^^^ 

With  these  three  glazes  it  was  possible  to  make  blends 
covering  all  combinations  within  the  limits  assigned.  The 
calculations  were  made  as  follows :  Suppose  1-4  were  to  be 
made.  This  glaze  contains  .26  equivalent  PbO  and  0.3  B2O3. 
The  lead  extreme  contains  .  8  equivalents  PbO ;  therefore, 
we  must  use  0.25 -s- 0.80  =  .312  equivalents  of  the  lead  glaze. 
For  the  B3O3  we  take  0.3  -«- 1  = .  3  equivalent  of  the  boracic 
acid  glaze.  This  make  0. 312  4. 0.3  =  .612  equivalent,  leaving 
1.000 — 0.612=.388  equivalent  of  the  lime-soda  glaze.  Know- 
ing the  equivalent  weight  of  each  glaze,  we  have  but  to 
multiply  each  decimal  by  the  corresponding  equivalent 
weight  for  the  batch  weight. 

These  glazes  were  placed  on  end  in  saggers,  which  were 

then    luted  tight  and  placed  in  the  down  draft  test  kiln. 

The  kiln  was  burned  in  about  fourteen  hours,  cone  1  being 

reached.    The  results  can  be  stated  best  by  describing  the 

individual  pieces : 

Series  JJ.    J*  0=0.15. 

H-1.  Immature,  rather  pale  pink  with  a  margin  of 
white  enamel. 

H*2.  Glaze  slightly  darker  and  more  nearly  mature 
than  H-1. 

H-3.  Glaze  fused  enough  to  develop  a  strong  dark 
color,  but  not  enough  to  run  smooth.    Scummed. 

H-4.  Glaze  mature  and  color  well  developed  but  shows 
a  tendency  to  segregate.  Has  run  too  much,  leaving  the 
color  too  thin  near  the  top. 
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H-5  and  6.  As  the  B2O3  is  raised  the  tendency  to  flow 
increases,  leaving  the  color  too  thin  on  the  tile.  The  glazes 
tend  toward  greenish,  but  segregations  of  pink  remain. 

Series  I.    i*  0=0.25. 

I-l.  Glaze  beaded  and  immature,  color  inferior.  White 
margin. 

1-2.  Still  beaded  but  somewhat  smoother  and  better 
color. 

1-3.  Glaze  fairly  smooth  and  of  good  color.  Has  run 
a  little,  leaving  color  rather  thin  and  uneven  near  top. 
Scummed  slightly. 

1-4.  Glaze  mature  and  brilliant.  Has  run  freely  and 
the  color  is  not  dense  enough  near  the  top  in  consequence. 

1-5  and  6.  Pale  glazes  mottled  with  pink  segregations. 
Pronounced  green  tint  in  No.  6. 

Series  J.    i%  0=0.85. 

J-1.  Badly  beaded^  poor  color,  white  margin.  Same 
tendencies  as  in  I-l,  but  carried  to  a  greater  extent. 

J-2.  Beaded,  most  of  the  tile  bare,  but  color  fairly  well 
developed. 

J-3.  Glaze  nearly  mature,  color  fair  except  at  margin. 
Glaze  has  not  run. 

J-4.  Mature.  Has  run  considerably,  small  portions  of 
the  tile  bare,  color  fair  but  not  well  distributed — similar  to 
H-6  and  1-5. 

J-5.     About  like  1-6. 

J-6.     Greenish  glaze,  mottled  with  pink. 

Series  K,    P6  0=0.46. 

K-1.     Beaded  worst  of  all  but  the  color  not  destoyed. 

K-2.    Still  bad. 

K-3.  Not  yet  smooth,  some  spots  bare,  others  thick. 
Pale  margin  at  top. 

K-4.  Glaze  mature]  and  fairly  smooth.  Has  run  con- 
siderably.   Color  uneven  and  inferior. 

K-5.     Pale  green  glaze  with  only  a  faint  trace  of  pink. 

A  review  of  these  results  brings  out  the  following 
points : 

1.  In  producing  a  chromium-tin  pink  glaze  at  low  tem- 
perature, it  is  best  to  use  both  lead  and  boracic  acid. 
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2.  The  moie  lead  the  glaze  contains,  tbe  more  boracic 
acid  is  required  to  overcome  the  tendency  to  bead ;  but  the 
greater  the  lead  content  in  the  glaze,  the  less  boracic  acid 
can  be  used  without  destroying  the  color.  This  places  a 
limit  on  the  allowable  lead  content.  These  results  indicate 
that  this  limit  is  below  .45  equivalent  of  PbO. 

3.  Although  more  boracic  acid  can  be  used  in  glazes 
low  in  lead  than  in  those  with  a  high  lead  content,  yet,  even 
in  leadless  glazes,  too  much  boracic  acids  destroys  the  pink 
color.  As  stated  before,  this  limit  is  below  0.6  equivalent 
BjOs— probably  below  0.5  BjOg. 

The  following  diagram  roughly  defines  the  limits  of  FbO 
and  B3O3  when  used  together  for  this  purpose  in  a  glaze  of 
this  type ;  all  those  combinations  within  the  curve  may  be 
considered  permissible  so  far  as  color  is  concerned,  and  may 
be  expected  to  mature  at  some  temperature.  The  most 
favorable  combinations  for  cone  .01  to  cone  1  are  within  the 
cross-hatched  area. 
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THE  BEHAVIOR  OF   THE   DIFFERENT   PINK  FRITTS   IN   THE 

SAME  GLAZE. 

These  series  of  pink  fritts  have  already  been  described. 
To  these  was  added  a  fourth  series,  showing  the  effect  of 
lime  in  the  fritt. 

BERIES  A-IV. 


No. 

OaO 

8nO, 

810. 

Or.O, 

19 

0.00 

1.00 

2.00 

0.0876 

20 

0.26 

it 

21 

0.60 

it 

22 

0.75 

it 

28 

1.00 

CI 

24 

1.60 

ii 

25 

2.00 

4< 

26 

8.00 

It 

These  fritts  were  prepared  in  a  manner  similar  to  that 
described  for  the  previous  fritt  series.  The  appearance  of 
the  fritts  was  as  follows  : 

19.  Pale  and  inferior  <:olor  with  a  greenish  tint. 

20.  Somewhat  stronger  pink. 

21.  The  color  improves  up  to  22  with  0.75  CaO.  From 
22  upward,  the  color  runs  steadily  toward  brown,  and  the 
powder  shows  an  increasing  tendency  to  vitrify. 

A  glaze  was  now  selected  in  which  the  different  fritts 
were  to  be  incorporated,  in  order  to  demonstrate  the  coloring 
effect  of  each  in  the  glaze.  The  glaze  used  for  the  purpose 
was  the  following : 


0.25  PbO 
0.60  CaO 
0.26  KNaO 


0.2Al.O.jl:|6|'O'. 


This  glaze  was  prepared,  and  a  portion  of  slip  equiva- 
lent to  forty  five  grams  of  dry  glaze  was  weighed  out  for 
each  fritt.  Five  grams  of  each  fritt  to  be  tested  were  then 
weighed  out  and  each  portion  ground  wet  in  an  agate  mortar 
and  screened  through  a  200  mesh  sieve  into  the  receptacle 
containing  the  corresponding  portion  of  glaze  slip.  The 
glaze  was  then  stirred  thoroughly  to  distribute  the  fritt 
through  it.  These  glazes  were  then  dipped,  set  and  burned 
to  cone  1,  as  described  for  the  last  set  of  series  preceding. 
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The  results  may  be  described  as  follows : 

The  fritts  of  Series  A-I,  made  from  chromic  acid  and 
stannic  oxide  alone  did  not  color  the  glaze  well.  No.  2  pro- 
duced purple  specks  in  the  glaze,  but  poorly  disseminated. 
In  No.  4  the  color  was  nearly  destroyed,  indicating  that  the 
proportion  of  chromic  oxide  was  too  high. 

Of  fritt  Series  A-II,  containing  1  SnOj,  0.0375  CraOg 
and  CaO  varying,  No.  10  with  .391  CaO  and  No.  11  with 
1.04  CaO  were  tried.  Both  gave  good  strong  colors. 
The  glaze  of  No.  10  was  slightly  scummed,  while  that  of  No. 
11  was  scummed  badly  and  was  less  mature. 

In  Series  A-III  No.  15  produced  a  color  not  dissimilar  to 
that  produced  by  the  Seger  fritt,  but  somewhat  lighter  and 
perhaps  a  little  better  distributed.  In  16  and  17  the  color 
becomes  weaker,  owing  to  dilution  of  the  fritt  by  silica. 

The  fritts  of  Series  A-IV  all  produced  fairly  good  colors. 
The  glazes  containing  the  fritts  highest  in  lime,  scummed 
worst,  probably  due  to  the  fact  that  the  higher  lime  content 
made  the  glazes  more  refractory. 

The  Seger  fritt  and  my  modification  of  the  Seger  fritt 
were  also  tried,  and  the  effects  were  very  similar  to  most  of 
the  others  described. 

These  results  indicate  that  a  wide  range  in  variation  in 
the  quantity  of  lime  and  silica  used  in  the  fritt  is  allowable, 
and  that  the  color  of  the  fritt  is  not  a  sure  indication  of  the 
color  which  it  will  produce  in  a  glaze.  In  this  set  of  tests 
the  best  colors  were  produced  by  the  fritts  which  contained 
no  silica,  but  this  was  probably  due  to  the  fact  that  five 
grams  of  the  fiintless  fritt  represented  a  larger  quantity  of 
the  other  ingredients,  and  therefore  had  a  greater  coloring 
power.  It  seems  that  almost  any  combination  of  tin  with  a 
very  small  proportion  of  chromium,  together  with  some  lime 
or  silica  will  make  a  fritt  which  is  capable  of  producing  a 
good  pink  color  in  glazes  of  the  type — RO,  0.2  AljOa,  2  SiOj, 
provided  that  the  ratio  of  lime  to  the  alkalies  in  the  glaze  be 
kept  high  and  the  content  of  lead  and  boracic  acid  be  kept 
within  the  limits  assigned.  It  is  not  known  to  what  chemi- 
cal action  the  production  of  the  pink  color  is  due,  but  it  is 
evident  that  while  a  high  temperature  is  necessary  for  the 


254  THE  CONSTITUTION  OP  CHBOMIUM-TIN  PINK. 

development  of  a  fritt  which  will  produce  the  pink  color  in  a 
glaze,  yet  the  action  of  the  glaze  at  a  comparatively  low 
temperature,  has  the  effect  of  changing  the  color  of  the  fritt. 
The  content  of  lime  and  the  content  of  silica  both  have  a 
marked  effect  on  the  color  of  the  fritt,  and  yet  a  fritt  con- 
taining silica  and  no  lime,  produces  in  the  glaze  a  color  simi- 
lar to  that  developed  by  a  fritt  containing  lime  and  no 
silica. 

On  the  other  hand,  as  has  been  demonstrated,  a  glaze 
too  low  in  either  lime  or  silica,  is  detrimental  to  the  color. 
These  observations  lead  one  to  emphasize  the  statement 
of  Mr.  Mayer,  that  in  producing  the  different  variations  of 
this  color,  the  greater  part  of  one's  attention  should  be  paid 
to  the  composition  of  the  glaze,  and  not  to  that  of  the  pink 
fritt 
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THE  FLUXING  POWER  OF  MICA  IN  CERAMIC  BODIES* 

BY 

RAY  THOMAS  STULL,  E.  M.,  Terra  Cotta,  IiiL. 

All  clays  contain  mica,  which  is  generally  present  in 
small  amounts,  but  in  some  cases  it  comprises  a  considerable 
portion  of  the  mass,  sometimes  reaching  as  high  as  30  per 
cent. 

The  real  eflFect  of  mica  upon  the  refractory  properties  of 
a  clay  is  not  definitely  known.  At  the  present  time  but 
very  little  can  be  found  in  ceramic  literature  pertaining  to 
the  effect  of  mica  in  ceramic  mixtures.  Langenbeck^  in  his 
book  entitled  "  The  Chemistry  of  Pottery,"  speaks  of  mica 
as  a  flux,  but  gives  no  evidence  as  proof  of  this  statement. 
"Technology  of  Ceramics,"  by  Auscher  et  Quillard,  says 
that  mica  should  impart  resistance  and  fusibility  to  a  clay. 
What  is  here  meant  by  resistance  is  rather  vague,  but  prob- 
ably refers  to  the  strength  of  the  body.  The  authors  appear 
to  be  somewhat  uncertain  in  regard  to  this  statement,  by 
using  the  word  **  should." 

Ceramists  hold  that  the  fluxing  value  of  feldspar  is  due 
to  its  alkali  content.  If  the  alkali  is  the  real  fluxing  agent, 
then  it  seems  reasonable  to  suppose  that  any  other  alkaU 
bearing  mineral  would  be  equally  good  as  a  flux,  in  propor- 
tion to  its  alkali  content.  Others  are  of  the  opinion  that  a 
molecule  of  the  fluxing  mineral  acts  as  a  unit  until  the  tem- 
perature is  reached,  at  which  fusion  or  decomposition  of  the 
mineral  begins  to  occur.  This  fusion  or  decomposition  may 
be  brought  about  at  a  lower  temperature  by  the  action  of 
some  other  substance  upon  it.  This  is  generally  the  case 
of  a  flux  acting  upon  a  flux.  In  this  way  a  high  fire  flux 
may  be  made  to  exert  its  fluxing  power  at  a  temperature  far 
below  that  at  which  it  would  otherwise  occur. 

The  white  micas  are  divided  into  two  groups,  the  alkali 
micas  and  the  magnesian  micas.  The  alkali  micas  form  a 
group  of  minerals  whose  formulae  run  somewhat  parallel  to 
those  of  the  feldspars ;  the  principal  difference  is  that  these 
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micas  are  generally  higher  in  alumina.  The  close  similarity 
in  chemical  construction  of  muscovite  mica  with  that  of 
orthoclase  feldspar  is,  perhaps,  one  reason  for  their  close 
association  in  nature.  This  close  association  accounts  for 
the  fact  that  the  mica  found  in  white  clays  is  almost  invar- 
iably the  muscovite  mica. 

The  formulae  given  for  orthoclase  feldspar  and  muscovite 
mica  are : 

Orthoolafle  feldspar,    KjO,  A1,0„  6  SiO, 
Muscovite  mica,  K,0,  8  AlsO,,  6  SiO,,  2  H,0 

The  similarities  in  composition  are : 

1.  Each  contains  K2O,  AlsOs  and  Si02« 

2.  Each  contains  one  molecule  of  K^O. 

3.  Each  contains  six  molecules  of  Si02* 
The  dissimilarities  in  composition  are : 

1.  Muscovite  has  3  AI2O3  against  1  AlsOg  in  orthoclase. 

2.  Muscovite  has  2  H2O  against  none  in  orthoclase. 
The  ratio  of  K2O  to  Si02  in  each  is  1  to  6.     In  so  far  as 

the  K2O  is  concerned,  each  mineral  would  have  the  same 
fluxing  advantage.  In  orthoclase,  the  ratio  of  AI2O8  to  SiO^ 
is  1  to  6,  while  in  muscovite  the  ratio  is  3  to  6. 

Seger  found  that  by  starting  with  pure  alumina  and 
making  increased  additions  of  silica,  he  could  reduce  the 
refractory  qualities  of  the  mixture  up  to  a  molecular  ratio  of 
AI2O8  to  Si02  =  1 :  17,  which  gave  him  the  most  fusible 
combination  of  alumina  and  silica.  On  further  additions  of 
silica,  the  refractoriness  of  the  mixture  began  to  increase. 

Prom  this,  the  natural  conclusion  would  be  that  the  ratio, 
AI2O8  to  Si02  =3  to  6  in  muscovite  is  more  refractory  than 
1  to  6  in  orthoclase.  But,  however,  we  cannot  depend  upon 
the  theoretical  assumption  that  the  ratios  of  RO  to  Si02  and 
AI2O8  to  Si02  determine  the  refractoriness,  fluxing  power  or 
fusibility  of  a  mineral  when  incorporated  as  a  ceramic  mix- 
ture, since  the  presence  of  other  ingredients  may  materially 
change  these  qualities. 

It  was  the  object  of  the  following  work  to  determine,  if 
possible,  whether  muscovite  mica  acted  as  a  flux  or  whether 
it  imparted  refractory  properties  to  a  ceramic  body,  when 
fired  at  temperatures  within  the  range  for  burning  white 
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biscuit  ware.  Also,  if  it  did  have  a  fluxing  power,  how 
would  it  compare  to  that  of  orthoclase  feldspar  under  the 
same  conditions? 

THE  MATERIALS  AND  THEIR  PREPARATION. 

The  materials  used  in  this  experiment  were :  1  musco- 
vite  mica;  2  Brandywine  feldspar;  3  Florida  ball  clay; 
4  Golding  flint. 

The  mica  was  the  scrap  variety  from  Jackson  County, 
N.  C.  When  received  it  ran  in  sizes  from  three  inches  across 
by  one-half  inch  thick  down  to  very  small,  thin  flakes.  In 
the  laminae  of  some  of  the  pieces  were  stains  of  iron.  When 
observed,  such  pieces  were  rejected. 

The  mica  was  placed  in  a  ball  mill  twenty-four  inches 
in  diameter  by  twenty-five  inches  in  length.  Three  hundred 
and  fifty  pounds  of  Iceland  flint  pebbles  were  used,  and  suffi- 
cient water  added  to  cover  the  balls  three  inches  deep.  The 
mica  was  allowed  to  grind  for  fifteen  hours  at  thirty-six 
revolutions  per  minute.  Owing  to  the  tough  nature  of  the 
mica,  this  long  period  of  grinding  was  resorted  to  in  order  to 
reduce  it  as  nearly  as  possible  to  the  same  degree  of  fineness 
as  that  of  the  feldspar,  so  that  the  two  minerals  should  have 
the  same  advantages  in  fineness  of  grain.  After  grinding, 
the  mica  was  removed  from  the  mill,  and  screened  through 
a  laun  of  120  meshes  to  the  linear  inch.  That  portion  which 
remained  on  the  laun  was  rejected,  and  represented  less  than 
10  per  cent,  of  the  original  batch.  The  portion  which  passed 
through  the  laun  was  placed  in  a  tall  can,  allowed  to  settle 
over  night,  the  supernatant  liquid  siphoned  off*,  and  the  mica 
pulp  evaporated  to  dryness. 

The  mica  pulp  when  dry  was  nearly  white  in  color, 
having  a  delicate  light  gray  appearance.  It  was  reduced  to 
^  such  a  degree  of  fineness  that  the  unaided  eye  could  scarcely 
distinguish  the  fine  mica  flakes.  On  moistening  with  water 
it  took  on  a  dark  gray  appearance  and  developed  a  surprising 
degree  of  plasticity ;  in  fact,  it  showed  a  greater  degree  of 
plasticity  than  some  clays  which  are  being  worked  success- 
fully at  the  present  time.  This  tends  to  prove  that  plasticity 
in  kaolinite  is  due  to  fineness  of  grain  and  thin  plate-like 
structure. 
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The  commercially  ground  feldspar  was  taken  from  the 
bin,  blunged  thoroughly  with  water  and  screened  through  a 
120  mesh  laun  in  order  to  insure  the  proper  degree  of  fineness, 
and  to  free  it  from  woody  fibre  and  other  foreign  material. 
But  very  little  feldspathic  residue  was  left  on  the  laun.  The 
portion  passing  through  the  laun  was  placed  in  a  tall  can, 
allowed  to  settle,  decanted  and  dried  in  the  same  way  as  was 
done  in  the  preparation  of  the  mica.  " 

The  commercially  prepared  Florida  ball  clay,  better 
known  as  Florida  kaolin,  was  blunged  to  a  thin  slip  and 
passed  through  the  200  mesh  laun  for  the  purpose  of  elimi- 
nating the  foreign  matter,  and  to  take  out  as  much  of  the 
mica  as  was  possible  to  do.  In  this  way  over  0.6  per  cent,  of 
the  weight  of  clay  was  removed  as  mica.  The  clay  was 
allowed  to  settle,  decanted  and  dried. 

As  the  flint  was  known  to  be  a  very  pure  variety  and  of 
the  proper  degree  of  fineness,  it  was  used  from  the  bin 
without  any  extra  preparation. 

ANALYSES  OF  THE  MATERIALS. 


DlO*  •  • .  •    • . 

A1,0, 

Fe.O, 

CaO 

MgO 

K,0 

Na,0 

H,0 


Total 


Mioa 


Feldspar 


66.14 

17.57 

5.12 

1.20 

.76 

5.81 

.99 

8.02 


100.11 


66.89 

19.18 

.19 

.42 

.12 

12.01 

1.88 

.00 


Kaolin 


45.69 
89.28 
.40 
.90 
.18 
.18 
.00 
18.61 


100.09 


100.19 


Flint 


99.28 

<  a  .  . 

.51 


... 
• .  • 
•  •  * 


99.74 


The  molecular  formulae  calculated  from  these  analyses,      fjkr 
taking  AI2O8  as  unity,  are: 


MUSCOVITE,  FORMULA   NO.  1. 

.1248  CaO    ^ 

i^M^      \-?^#l;8:{«-««'SiO.(.974H.O, 


.0929  Na^O 
.6555  RO 


Combining  weight,  582.167 
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FBLDSPAB,  FOBMITLA  NO.  2. 

.6400  CaO 
.0160  MgO 


^:So63F^:o:{^-«^sio. 


r 


.6812  K.O 
.1674  Na,0  J 

.8946  BO  Combining  weight,  688.679 

FliOBIDA  KAOLIN,  FOBMUIiA  NO.  3. 

'.0117  MgO    i  ^-552^  ^«9»  1 1.977  SiO,  (1.968  H.O) 

.0086  Kfo    )  -^^oeeFe.o.i 

.0660  BO  Combining  weight,  260.167 

In  the  mica  formula  it  will  be  observed  that  the  mole- 
cular ratio  of  K2O  to  AljOg  is  approximately  1  to  3,  which 
corresponds  to  the  theoretical  formula  for  muscovite.  At- 
tention is  also  called  to  the  high  percent  of  silica  in  the 
mica.  This  may  be  accounted  for  by  the  wear  upon  the 
flint  pebbles  during  the  long  period  of  grinding.  The 
"  Chemistry  of  Geology,"  Volume  II,  by  Bischoff,  gives  as 
the  limits  of  composition  for  mica : 

SiO, 86  to  71 

A1,0. 6  "  88 

Fe,0, 0  *»  86 

MgO 0  "  29 

K.O 2  **  14 

Undoubtedly  some  silica  was  introduced  by  the  wear 
upon  the  flint  pebbles,  but  nevertheless  it  is  more  than  likely 
that  the  mica  was  the  highly  silicious  variety. 

MAKING  THE  BODIES. 

Two  body  series  were  made,  Series  A  and  Series  B. 

Series  A  consisted  of  eleven  bodies,  first  starting  with  100 

percent  Florida  kaolin,  decreasing  the  kaolin  each  time  by 

10  per  cent,  and  adding  a  corresponding  amount  of  ground 

mica,  up  to  all  mica  and  no  kaolin.     These  bodies  were 

marked  A-1,  A-2,  A-3,  etc.,  up  to  A-11.     The  composition  of 

Series  A  by  weight  is : 

A-l 100  Kaolin    0  Mica 

A-2  . 

A-3.. 

A-4  . 

A-6., 

A-6  . 

A-7.. 

A-8 

A-9.. 

A-10. 

A-U. 


....... • • • 


90 

10 

80 

20 

70 

80 

60 

40 

60 

50 

40 

60 

80 

70 

20 

80 

10 

90 

0 

100 
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These  bodies  were  made  for  the  purpose  of  determining 
whether  mica  had  any  fluxing  action  upon  kaolin,  or  if  it 
had  any  vitrifying  properties  alone. 

If  mica  exerted  a  fluxing  power,  it  was  also  desirable  to 
know  how  this  fluxing  power  compared  with  that  of  feldspar 
in  an  ordinary  whiteware  body,  and  to  what  extent  it  could 
take  the  place  of  feldspar  in  such  a  body,  and  its  effect  upon 
the  general  appearance  of  the  body. 

For  this  purpose  Series  B  was  made.  This  was  done 
by  blending  two  bodies,  each  one  having  the  same  chemical 
formula.  The  only  difference  in  these  two  bodies  was  that 
the  first  one  called  "S"  was  made  from  flint,  kaolin  and 
feldspar,  while  the  second,  which  was  marked  "  M,''  was 
made  from  kaolin,  flint  and  mica,  without  the  use  of  feldspar. 

As  a  starting  point  for  making  this  series,  a  well  known 
whiteware  body  was  selected  which  would  give  a  compara. 
tively  wide  range  of  vitrification,  shrinkage  and  porosity, 
within  the  temperature  range  for  burning  ordinary  white 
biscuit  ware.     The  batch  weights  for  this  body  are : 

Florida  Kaolin bO% 

Gelding  flint 88 

Brandywine  Spar 12 

Considering  the  flint  as  pure  Si02 ,  and  using  the  formulae 
for  the  kaolin  and  feldspar  according  to  their  ultimate 
analyses,  the  formula  for  this  body  figures : 


FOBMUIiA  NO.  4. 


.0416  CaO 
.0121  MgO 
.0768  KaO 
.0166  NaaO  J 

.1469  RO 


'^iooe?  #1:8;  {^-388  810. 


Body  "  M  "  was  made  by  taking  the  proper  proportions 
of  Florida  kaolin  and  mica  so  as  to  furnish  all  the  RO  and 
AI2O3  in  formula  No.  4,  and  supplying  the  difference  in 
SiOa  by  flint. 

The  calculation  of  Body  M  was  as  follows : 

Let  X = equivalent  of  kaolin 
LefcY=  "         "  mica 
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required  to  supply  .1459  RO  and  1.000  AlsOg.    Then 

.0674  X  RO  in  kaolin  +  .6555  Y  BO  in  mioa=:  .1458  BO  in  formula  4 
Also,  X  Al.O,  in  kaolin  +  Y  Al.O,  in  mica=1.000  Al.O.  in  formula  4 

X  =  .8514  equiyalentB  of  kaolin 
and  Y  =  .1486  ••  "  mica 

.8614  equivalents  kaolin  +  .1486  equivalepts  mica  give 

.1459  BO   j  1;^  ^«g;  I   2.628  SiO. 

Then  there  remains  5.338— 2.623  =  2.716  equivalents  of 
flint  to  be  added.     The  batch  weights  for  body  *^  M  "  are : 

Kaolin 47.04<^ 

Flint 84.59 

Mica 18.87 

Calculating  the  formula  of  this  mixture  as  a  check  upon 
our  operations,  we  find  the  following  formula  for  body  "  M.% 

FOBMUJLA  xo.  5. 

.0540  CaO    1 

!0268  MgO    1 1.000  A1,0,  \  e  noo  ait\ 
.0618  K,0     f   .088  Fe,0,  /^•'""*  **^"* 
.0188  Na,0  J 

.1459  BO 

In  supplying  the  total  RO  and  AlaOg  in  formula  No.  4 
by  kaolin  and  mica  alone,  the  PesOg  has  been  overburdened 
by  an  amount  .033— .0065  =  .0265.  This  equivalent  of  FeaOg 
was  added  to  formula  No.  4,  giving  formula  No.  6  as  the 
formula  for  body  "  S.'* 

FOBKUIiA  NO.  6. 


.0415  CaO 
.0121  MgO 
.0768  K,0 
.0165  ya,0  J 


^:o88FJ:o:}^-»«sio. 


.1459  BO 

In  comparing  formula  No.  6  with  that  of  No.  6,  it  is 
observed  that  the  two  have  the  same  chemical  equivalent  of 
RO,  and  that  they  have  the  same  AlaOg,  PcsOg  and  SiO]. 
In  comparing  the  RO  in  No.  6  with  that  of  No.  5,  we  see 
that  No.  6  is  higher  in  CaO  and  MgO,  and  correspondingly 
lower  in  KaO  and  Na^O,  thus  giving  body  "  S  "  containing 
spar  a  slight  advantage  in  fusibility  over  body  ''  M ''  con- 
taining mica. 

ISCer. 
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The  batch  weights  for  body  "  S  "  calculated  from  formula 
No.  6  are : 

Kaolin 49.03% 

Flint.... 87.81 

Spar 12.16 

FejO, 10 

Bodies  "  M  "  and  "  S  "  were  each  weighed  from  the  dry 
materials^  placed  in  separate  porcelain  lined  ball  mills  and 
ground  wet  for  thirty  minutes.  The  two  batches  were  then 
removed,  screened  through  a  100  mesh  screen,  and  placed  in 
two  separate  cans.  The  percent  of  solid  material  per  unit 
weight  of  slip  was  determined  for  each,  and  Series  *'  B  "  was 


>lending  t 
B-i 
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Each  body  of  the  series  was  thoroughly  mixed  by  blung- 
ing, and  dried  on  concave  plaster  slabs  down  to  stiff  mud 
consistency,  for  the  purpose  of  making  into  brickettes. 

MAKING  THE  TRIAL  PIECES. 

For  each  of  the  bodies  in  Series  A  and  Series  B,  brick- 
ettes were  made  3  J^  x  1  x  J^  inches.  Two  pin  points  were 
made  on  each  brickette  three  inches  apart  for  the  purpose  of 
measuring  shrinkage,  and  the  brickettes  dried  carefully  so 
as  to  prevent  warping. 

BURNING  THE  TRIALS. 

Brickettes  from  each  body  of  the  two  series  were  burned 
at  two  different  temperatures,  cone  4  and  cone  9.  For  the 
cone  4  burn  cones  2,  3,  4  and  5  were  placed  on  a  slab  at  the 
center  of  a  large  sagger,  and  the  brickettes  placed  arouud 
the  cones  in  close  proximity  to  them.  The  sagger  was  luted 
tight,  placed  at  the  center  of  the  small  updraft  kiln,  and  fired 
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with  coke  as  fuel  for  a  period  of  eight  hours,  when  cone  5, 
which  was  placed  outside  of  the  sagger,  went  down.     It  was 
observed  in  previous  burns  that  there  was  a  difference  in  the 
temperature  between  the  outside  and  inside  of  the  sagger,  of 
approximately  one  cone. 

On  taking  the  trials  from  the  kiln,  it  was  found  that 
cone  4  was  down  so  that  its  point  touched  the  slab,  and  cone 
5  had  began  to  curl. 

The  cone  9  burn  was  originally  intended  for  cone  8. 
The  trials  were  set  in  the  same  way  as  in  the  cone  4  burn, 
cones  6,  7,  8  and  9  being  placed  in  the  center.  Coke  was  the 
fuel  used,  and  the  firing  period  lasted  ten  hours.  Cone 
9  was  fired  flat  outside  of  the  sagger.  On  taking  the  trials 
from  the  kiln,  it  was  found  that  cone  8  inside  the  sagger  was 
nearly  flat,  and  cone  9  was  down  so  that  the  point  touched. 

APPEARANCE    OF  TRIALS. 

Series  A  in  the  cone  4  burn  showed  a  gradual  darkening 
in  color  from  the  kaolin- white  in  body  A-1,  down  to  a  dark 
brownish  gray  in  body  A-11.  The  cone  9  burn  gave  a  gra- 
dation in  color  from  the  white  in  A-1  to  a  stoneware  gray  in 
A-11.  The  colors  at  cone  9  were  much  lighter  than  at  cone 
4 ;  in  fact  the  brown  had  entirely  disappeared. 

Brickettes  containing  50  per  cent,  or  more  of  mica  were 
highly  vitrified  in  the  cone  9  burn,  and  had  the  appearance 
of  being  thinly  glazed.  Such  trial  pieces  had  approached 
the  first  stages  of  fusion,  as  they  were  filled  with  minute 
bubbles  and  had  swelled  considerably. 

No  difference  in  general  appearance  could  be  detected 
between  the  two  extremes  of  Series  B,  the  entire  series  being 
a  light  ivory  yellow  in  color  for  the  cone  4  burn.  In  the 
cone  9  burn  the  yellow  had  disappeared,  giving  a  biscuit 
which  was  nearly  white. 

DETERMINING   FIRE   SHRINKAGE  AND  POROSITY. 

Before  placing  the  trials  in  the  kiln  each  brickette  was 
carefully  measured,  and  after  firing,  measurements  were 
again  taken.  The  loss  in  length  due  to  fire  shrinkage,  di- 
vided by  the  dry  length  before  firing,  gave  the  percent  of 
fire  shrinkage. 
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Porosity  was  determined  by  absorption.  Bach  brickette 
was  weighed  in  the  dry^  burned  condition  on  the  balances^ 
soaked  in  distilled  water  for  forty-eight  hours,  removed,  the 
superficial  moisture  wiped  off  and  again  weighed.  The 
difference  between  wet  and  dry  weights  gave  the  grams  of 
water  absorbed  by  the  pores.  The  weight  of  water  absorbed, 
divided  by  the  weight  of  the  brickette  before  absorption,  gave 
a  ratio  for  the  comparison  of  porosity.  The  following  table 
gives  the  fire  shrinkage  and  porosity  for  each  body  of  the 
two  series : 


Fire  Shrinkage    * 

Porosity 

Gone  4 

Gone  9 

Cone  4 

Gone  9 

A  -  1 

9.87 
8.78 
8.78 
9.24 
9.21 
8.67 
9.15 
9.08 
9.68 
9.61 
10.90 

15.18 

12.16 

11.41 

11.48 

11.84 

12  00 

11.11 

9.08 

7.80 

7.01 

7.60 

14.58 

13.96 

18.40 

11.80 

10.24 

5.08 

1.62 

.05 

.0<> 

.00 

.00 

6.84 

A-  2 

9  25 

A-  8 

7.88 

A-  4 

A-  5.... 

A-  6 

A-  7 

5.67 

8.48 

.00 

.00 

A-  8    

.00 

A  -  9 

.00 

A-10 

.00 

A-ll    

.00 

B-  1 

5.62 
4  97 
5.06 
4.47 
4.44 
8.87 
3.89 
8.91 
3.89 
3.38 
3.81 

8.79 
7.69 
7.86 
7.18 
7  73 
7.14 
7  18 
7.22 
6.68 
6.04 
5.52 

13.89 
14.18 
14.49 
15.28 
14.96 
16.18 
16.36 
16.70 
17.87 
18.12 
18.26 

6.64 

B-  2 

B-  8 

6.81 
6.70 

B-  4 

7.74 

B-  S 

7.68 

B-  6 

7.97 

B-  7 

7.85 

B-  8 

8.22 

B-  9 

10.16 

B-10 

11.20 
11.71 

These  results  when  plotted  on  curve  sheets  give  some 
very  interesting  curves  for  study.  On  the  following  curve 
sheets  the  solid  lines  represent  curves  for  the  cone  9  bum, 
and  the  broken  lines  curves  for  the  cone  4  burn. 

STUDY  OF  THE  CURVES. 

In  general,  the  shrinkage  curve  for  the  cone  4  bum 
shows  a  decrease  in  shrinkage  from  a  content  of  0  per  cent, 
mica  to  10  per  cent.   mica.    Prom  10  per  cent,  to  70  per 
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cent,  mica  the  shrinkage  is  practically  constant.  Prom  70 
per  cent,  to  100  per  cent,  mica  there  is  an  increase  in  shrink- 
age showing  pure  mica  to  have  a  shrinkage  of  1  per  cent, 
more  than  that  of  pure  kaolin. 


■OHAOLIN  ^ 


SOIUOLIN  )i 
10  MICA    ^ 


•OKAOUN  > 
aOHICA  C» 


10KA0LIN> 
30HICA   i 


eONAOUN  :» 
40mCA   u 


SOMAOLin   > 

sonic  A   « 


40IM0UN> 

•emcA   ^ 


70  MICA  S 


ISSRSTS 


K)  KAOLIN  > 
fOniCA    5 


100I1ICA    2 


o    «     r»    o»    ^ 


In  the  curve  for  the  cone  9  burn  there  is  a  decrease  in 
shrinkage  from  pure  kaolin  up  to  20  per  cent,  mica.  Prom 
20  per  cent,  mica  to  50  per  cent,  mica,  the  shrinkage  in- 
creases. Prom  50  per  cent,  mica  to  pure  mica  the 
shrinkage  drops. 

Comparing  the  two  shrinkage  curves  we  see  that  they 
have  a  tendency  to  run  parallel  up  to  60  per  cent.  mica. 
Beyond  this  point  the  tendeny  is  to  run  in  opposite  direc- 
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tions  up  to  90  per  cent.  mica.  From  70  per  cent,  to  100  per 
cent,  mica,  the  cone  4  bum  has  a  greater  shiink^e  than 
the  cone  9  burn.  The  difference  in  direction  of  the  curve 
and  in  the  decrease  in  shrinkage  of  the  trials  in  the  cone  9 
burn,  are  accounted  for  by  the  swelling  of  the  trial  pieces 
when  they  contained  from  50  per  cent,  to  100  per  cent. 
mica.  This  was  due  to  the  vesicalar  structure  produced  in 
the  advanced  stage  of  vitrification  or  first  stage  of  fusion. 

PCHCEMT3 

te    »    w    e>    >i    oo    «    5     =    B    ^1  ^     U"     5    :;    oo    tfl 


" — r 

H; 

— r» 
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The  porosity  curve  for  the  cone  4  burn  shows  a  con- 
tinual decrease  in  porosity  throughout,  having  no  porosity 
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at  80  per  cent.  mica.  In  the  cone  9  burn  the  curve  shows 
an  increase  in  porosity  from  0  per  cent,  to  10  per  cent.  mica. 
Prom  this  point  on  porosity  decreases,  and  when  the  con- 
tent of  mica  reaches  50  per  cent,  porosity  becomes  zero. 
Prom  a  content  of  10  per  cent,  mica,  the  two  porosity  curves 
run  parallel. 

With  but  one  exception,  the  two  porosity  curves  show 
that  mica  has  exerted  a  fluxing  action  upon  kaolin. 

The  one  exception  is  a  content  of  10  per  cent,  mica  in 
the  cone  9  burn,  where  the  porosity  is  greatest  for  that  burn. 
This  leads  to  the  supposition  that  a  content  of  10  per  cent, 
mica  acts  as  a  non-flux.  This  is  also  evidenced  by  the  cone  4 
and  cone  9  shrinkage  curves,  which  have  their  greatest  falling 
off  in  shrinkage  from  pure  kaolin  to  a  content  of  10  per  cent. 
of  mica. 

The  two  shrinkage  curves  for  Series  B  show  a  falling  off 
in  shrinkage  from  B-1  containing  the  feldspar  to  B-11  con- 
taining the  mica.  From  B-6  to  B-9  in  the  cone  4  burn, 
shrinkage  remains  constant.  Prom  B-6  to  B-8  in  the  cone 
9  burn,  shrinkage  also  remains  constant. 

Both  porosity  curves  for  Series  B  show  an  increase  in 
porosity  from  B .  1  to  B-1 1 . 

From  the  curves  of  Series  B  it  is  evident  that  mica  has 
exerted  a  fluxing  action,  and  that  this  fluxing  action  is  less 
than  that  of  feldspar. 

SOURCES  OP  SHRINKAGE. 

Fire  shrinkage  depends  upon  two  factors,  first,  molecular 
contraction  or  condensation,  and  second,  silicate  formation 
produced  by  fluxing  action.  The  latter  shrinkage  then 
depends  upon  the  degree  of  vitrification  brought  about  by 
the  flux  or  fluxes  present.  When  the  flux  has  exerted  no 
action,  the  body  has  had  no  secondary  shrinkage — i.  e,,  this 
shrinkage  is  zero.  When  the  flux  has  exerted  its  greatest 
power,  then  the  body  has  its  greatest  shrinkage. 

If  the  flux  is  present  in  sufficient  quantities,  the  greatest 
shrinkage  is  at  the  point  of  the  complete  fusion.  If  the 
flux  is  present  in  small  amounts,  it  may  exert  its  full  fluxing 
power  long  before  fushion  is  reached,  if  no  other  flux  is 
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present  to  continue  the  action.  When  the  fluxing  action 
has  ceased,  then  the  shrinkage  depending  upon  it  has  ceased. 
Therefore,  neglecting  the  shrinkage  due  to  condensa- 
tion the  amount  of  which  we  do  not  know,  it  seems  safe  to 
say  that  the  total  shrinkage  is  roughly  proportional  to  the 
fluxing  power  of  the  fluxes  used.  If  we  have  two  fluxes, 
which  we  will  call  C  and  D  and  place  them  under  the  same 
conditions  and  find  that  the  body  in  which  C  was  used  gives 
a  shrinkage  of  5.52  per  cent,  and  the  body  containing  D 
gives  3. 31  per  cent,  shrinkage,  then 

Fluxing  power  C__6.62 
Fluxing  power  D~8.81 

or  fluxing  power  C  is  to  fluxing  power  D=l  to  0.6.  This  is 
the  case  for  Series  B  in  the  cone  4  burn.  B~l  containing 
feldspar  has  a  shrinkage  of  5.52  per  cent,  and  B-11  contain- 
ing mica  has  3.31  per  cent.  Since  the  difference  in  shrink- 
age due  to  molecular  condensation  is  so  small,  we  can  take 
the  above  ratio  as  correct  for  all  practical  purposes. 

B-1  contains  12.16  percent,  feldspar,  and  B-11 18.37 per 
cent,  feldspar  and  B-11  18.37  per  cent,  mica  by  weight. 
Since  the  two  bodies  have  the  same  general  chemical  con- 
stitution, we  can  say  that  the  proportionate  fluxing  power 
of  12.16  pounds  feldspar  to  18.37  pounds  mica=l  to  0.60 
when  placed  under  these  conditions,  and  fired  at  the  temper- 
ature of  cone  4. 

In  the  same  way  we  find  the  proportionate  fluxing 
power  of  12.16  pounds  feldspar  to  18.37  pounds  mica=l  to  0.63 
when  fired  at  the  temperature  of  cone  9. 

We  see  that  these  two  proportions  are  practically  the 
same.  Multiplying  the  second  and  fourth  members  of  the 
proportion  by  ten-sixths,  gives  the  proportionate  fluxing 
powers  of  12.16  pounds  spar  to  30.61  pounds  mica=l  to  1. 
Then  30.61  parts  of  mica  are  required  in  this  case  to  produce 
the  safne  fluxing  action  as  12.16  parts  of  feldspar,  or  2.307 
equivalents  of  mica  produce  the  same  fluxing  power  as  one 
equivalent  of  feldspar,  other  things  being  equal. 

CONCLUSIONS. 

Drawing  conclusions  from  the  foregoing  work,  we  have 
proven : 
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FifsL  Mica,  if  fine  enough,  is  plastic ;  hence,  it  need 
not  necessarily  cut  down  the  plasticity  of  the  clay. 

Second,  Mica,  if  fine  enough,  exerts  a  fluxing  action 
npon  kaolin  and  upon  ceramic  mixtures  at  temperatures  be- 
low cone  4. 

Third.  Mica  alone,  when  reduced  to  an  extremely  fine 
powder,  vitrifies  suflficiently  to  produce  a  non-absorbent  body 
below  the  temperature  of  cone  4. 

These  results  are  contrary  to  the  opinions  expressed  by 
the  majority  of  ceramists.  That  mica  is  here  proven  to  be  a 
flux  confirms  the  statement  of  Langenbeck  and  of  Auscher 
et  Quillard.  Vogt,  the  eminent  director  of  the  National 
Porcelain  Manufactory  at  Sevres,  Prance,  has  shown  that 
mica  does  not  fuse  at  1300  degrees  C,  but  the  condition 
tinder  which  the  result  was  obtained  is  not  known  to  the 
writer. 

Mayer  ^  and  others  have  expressed  their  opinion  in 
regard  to  the  refractory  qualities  of  mica  by  citing  instances 
of  finding  mica  flakes  unchanged  in  the  ware  after  passing 
the  biscuit  fire.  These  statements  in  regard  to  the  refractory 
properties  of  mica,  do  not  necessarily  oppose  the  foregoing 
conclusions  of  this  work.  A  substance  to  be  an  efficient  and 
satisfactory  body  flux  must  be  present  in  a  fine  state  of 
division  and  disseminated  uniformly  throughout  the  mass. 
Substances  present  in  coarse  grains  do  not  lose  their  identity, 
even  when  the  mads  is  vitrified  so  as  to  be  non-absorbent. 
Too  much  stress  cannot  be  placed  upon  the  advantages 
gained  in  fineness  of  grain.  The  finer  the  materials  are 
prepared  and  the  more  intimately  they  are  mixed,  the  nearer 
we  get  molecule  to  molecule,  which  materially  aids  both 
chemical  action  and  fusion. 

The  mica  used  in  this  work  was  ground  as  fine  as  the 
feldspar,  hence  it  had  that  same  advantage  of  fusibility  and 
chemical  activity,  in  so  far  as  fineness  of  the  grain  was  con- 
cerned. Under  these  fair  conditions  we  find  that  mica  is 
unmistakably  a  flux,  though  not  so  good  as  feldspar. 
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SOME  GAPS  IN  OUR  KNOWLEDGE  OF  CEMENTS 

(A  NOTB.) 
BY 

ALBERT  V.  BLEININGER,  B.  So.,  Columbus,  O.        "^ 

Notwithstanding  the  enormous  development  in  the 
manufacture  of  cement,  there  yet  remain  many  unanswered 
questions  pertaining  to  its  composition,  its  properties  and 
peculiar  reactions,  some  of  which  so  far  have  baffled  the 
most  ingenious  and  refined  attacks  of  research.  It  is  the  aim 
of  this  note  to  indicate  a  few  of  these  problems  to  those  who 
have  not  made  a  special  study  of  this  line. 

Though  apparently  the  composition  of  cements  is  a 
simple  matter  from  the  chemical  standpoint,  since  it  deals 
mainly  only  with  the  silicates  and  aluminates  of  lime  and 
magnesia,  we  have  at  present  no  definite  knowledge  of  the 
process  of  formation  of  these  salts.  We  know  in  a  general 
way  that,  with  increasing  temperatures,  the  basicity  of  the 
silicates  and  aluminates  is  increased,  but  exact  information 
as  to  the  proportions  involved  in  these  heat  reactions  is  still 
lacking.  Thus  for  instance,  we  are  still  at  a  loss  to  trace 
the  connection  between  natural  and  Portland  cements.  This 
state  of  affairs  is  due  to  the  fact  that  we  are  not  yet  in 
possession  of  data  involving  the  examination  of  all  the  possi- 
ble heat  reactions  with  the  help  of  accurate  temperature 
measurements.  It  is  absolutely  essential  to  understand  the 
fundamental  principles  involved  in  the  formation  of  the 
simpler  calcium  compounds,  before  conclusions  can  be 
reached  with  reference  to  the  complex  combinations  of 
Portland  cement.  If  the  elaborate  experiments  carried  on 
by  some  of  our  able  investigators  were  directed  along  this 
line,  instead  of  dealing  exclusively  with  such  difficult  prob- 
lems as  the  determination  of  free  lime  in  Portland  cement, 
more  rapid  progress  could  perhaps  be  made.  Synthesis  cer- 
tainly promises  more  direct  results  than  analysis. 

A  series  of  synthetical  compounds  ranging,  say,  from 
0.5  CaO  (MgO)  SiOa  to 3.0  CaO  (MgO)  SiOa,  and  from  0.5 
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CaO  (  MgO  )  AlaOg  to  2.0  CaO  ( MgO )  AlaOg  burnt  at  diflfer- 
ent  temperatures,  exactly  determined,  is  bound  to  produce 
results  which  will  assist  materially  in  clearing  up  the  chemi- 
cal laws  governing  the  development  of  hydraulicity.  In 
preparing  these  mixtures  it  is,  of  course,  important  that  the 
materials  be  ground  together  as  intimately  as  possible  under 
exactly  uniform  conditions.  Mere  mixing  is  bound  to  be 
unsatisfactory.  The  progress  of  the  combination  with 
increasing  temperatures  can  be  followed  by  the  following 
means : 

1.  Determination  of  the  soluble  silica  ( soluble  in  HCl 
and  Na^COs  solution )  in  the  case  of  the  lower  lime  com- 
pounds. 

2.  The  heat  of  reaction  of  the  resulting  compounds  as 
determined  by  the  calorimeter. 

3.  The  tensile  strength  of  the  cements  as  a  measure 
of  hydraulicity. 

4.  Determination  of  the  water  of  hydration. 

5.  Boiling  test. 

6.  Miscroscopic  examination. 

Perhaps  the  greatest  confusion  of  opinion  exists  in 
regard  to  the  relative  hydraulic  values  of  lime  and  magnesia 
and  to  illustrate  the  diversity  of  opinion  existing  on  this 
topic,  I  shall  quote  somewhat  at  length  as  to  various  results 
obtained  by  a  number  of  investigators. 

In  1820^  Puchs,  in  working  with  several  magnesia  min- 
erals such  as  talc,  produced  a  good  hydraulic  cement.  He 
found  that  magnesia  burned  at  a  lower  temperature  and  was 
chemically  more  active  than  lime. 

Heldt,  another  investigator,  was  not  able  to  produce 
any  hydraulic  compounds  from  magnesia  minerals  and  arti- 
ficially prepared  silicates. 

Rivot  again  says,  that  magnesia  behaves  similarly  to 
lime  and  forms  with  silica  hydraulic  compounds.  He  did 
not  advise  the  use  of  magnesia  cements,  because  the  mag- 
nesia silicates  and  aluminates  do  not  take  up  water  as  readily 
as  the  corresponding  lime  compounds. 

Lieven,  on  the  other  hand,  says  that  good  cements  cor- 
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responding  to  the  formula  Mg  SiOg  can  be  produced,  which, 
when  hydrated,  possesses  the  formula  2  (MgO  Si02)  -9  H2O. 

Beginning  in  the  year  1887,  a  series  of  experiments  was 
carried  out  by  the  Society  of  German  Portland  Cement 
Manufacturers,  in  which  DyckerhoflF showed  that  magnesia  in 
Portland  cement,  that  is,  in  a  vitrified  cement  promotes 
excessive  expansion,  and  causes  the  cement  to  lose  its  prop- 
erty of  being  constant  in  volume.  This  result  was  vigor- 
ously disputed  by  A.  Meyers  and  others,  who  claimed  lliat 
the  bad  results  were  due  to  other  deficiencies  in  the  character 
of  the  cements  tested. 

In  1893,  Kawalewsky  made  an  extensive  report  on  vitri- 
fied magnesia  cements,  which  after  ten  years  were  still  found 
to  be  constant  in  volume  and  which  had  shown  high 
strength. 

Golinelli,  in  1895,  reported  a  most  carefully  arranged 
series  of  tests  with  magnesium  Portland  cements,  contain- 
ing an  average  of  26  per  cent,  of  MgO  and  corresponding  to 

the  ratio : 

CaO  +  MgO 

=2.06. 

8iO,-f-Al,0,+Fe,0, 

The  silica-alumina  ratio  maintained  was  3.  These 
cements  possessed  most  excellent  strength,  and  were  entirely 
constant  in  volume.  This  investigator  came  to  the  conclu- 
sion that  magnesia  may  well  be  substituted  for  the  lime. 

Prof.  Tetmajer,  perhaps  the  most  widely  known  authority 
on  the  testing  of  cements,  on  examining  two  magnesia  ce- 
ments, found  that  they  possessed  a  strength  equal  to  that  of 
Portland  cement,  and  that  they  were  constant  in  volume  as 
tested  by  the  standard  boiling  tests. 

Spencer  B.  and  W.  B.  Newberry,  in  1897,  arrived  at  the 
conclusion  that  magnesia,  though  possessing  marked 
hydraulic  properties  when  heated  alone,  yields  no  hydraulic 
products  when  heated  with  silica  and  alumina,  and  probably 
plays  no  part  in  the  formation  of  cement.  It  is  incapable  of 
replacing  lime  in  cement  mixtures,  the  composition  of  which 
should  be  calculated  on  the  basis  of  lime  without  regard  to 
the  magnesia  present. 
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This  great  diversity  of  opinion  can  only  be  explained 
by  the  assumption  that  all  these  investigators  worked  under 
different  conditions,  neglecting  the  factors  of  temperaturci 
mineralogical  composition,  fineness  of  grain,  etc. 

Evidence  shows  that  many  of  onr  best  American  natural 
cements,  such  as  the  Rosendale,  containing  an  average  of 
17  per  cent  of  magnesium  carbonate,  are  equal  in  hydraulic 
value  to  those  natural  cements  in  which  lime  alone  is 
present.  Vitrified  natural  magnesia  cements  have  already 
been  tested  some  forty  years  ago  by  General  Q.  A.  Gilmore, 
and  were  found  to  be  highly  hydraulic.  Yet,  some  data  show 
that  if  magnesia  is  present  in  a  vitrified  cement  in  a  certain 
ratio  to  the  lime,  it  is  liable  to  cause  trouble  in  hardening, 
owing  to  the  fact  that  magnesia  hydrates  much  more  slowly 
than  lime.  The  crystallization  thus  brought  about  by  the 
magnesia  falls  into  a  period  in  which  the  lime  silicates  have 
already  assumed  a  certain  rigidity,  thus  giving  rise  to  a  ten* 
dency  of  the  cement  to  increase  in  volume. 

This  seems  to  take  place  only  under  certain  conditions, 
and  hence  many  magnesia  cements  do  not  give  any  trouble 
at  all.  In  the  investigation  of  this  subject,  the  difference 
existing  between  the  natural  magnesia  cements  burnt  at  a 
lower  temperature,  and  magnesia  cements  burnt  to  vitrifica- 
tion should  be  duly  considered,  as  this  difference  is  both 
chemical  and  physical. 

In  the  investigation  of  Portland  cements,  it  is  extremely 
important  to  study  clays  which,  as  we  know,  enter  into  the 
composition  of  many  of  our  cements,  and  which  often  give 
rise  to  serious  trouble  in  practical  work.  Cement  chemists, 
as  a  rule,  are  perhaps  inclined  to  study  clays  from  the  stand- 
point of  the  ultimate  analysis  almost  exclusively  without 
paying  so  much  attention  to  their  mineralogical  character. 
We  should  remember  that  there  are  methods  for  the  mineral 
examination  of  clays,  as  the  method  of  Dr.  Bischof,  Professor 
Seger  and  the  modified  Lunge-Schochor  method,  adopted  by 
the  Ohio  Geological  Survey. 

All  clays  may  be  said  to  be  principally  composed  of 
three  minerals:  the  clay  substance  proper,  giving  rise  to 
plasticity    and    possessing   the  ideal  composition   Al^Os, 
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2  SiOa,  2  H3O ;  feldspathic  minerals  remaining  from  incom- 
plete decomposition  of  the  original  feldspar,  and  having  the 
general  formula  RO,  AI2O8  6,  Si02 ;  ^^^  quartz  in  various 
degrees  of  fineness. 

These  three  minerals  show  marked  differences  in  regard 
to  their  reactions  with  lime  when  subjected  to  heat.  Clay 
substance,  represented  in  its  purest  condition  by  washed 
kaolin  or  china  clay,  and  in  various  degrees  of  impurity  by 
the  ordinary  brick  clays,  reacts  most  readily  with  lime  and  is 
decomposed  at  very  low  temperatures,  giving  rise  at  first  to  a 
mono-silicate,  which  at  a  high  temperature  becomes  a  bi- 
and  finally  a  poly-silicate.  The  first  stage  is  the  replace* 
ment  of  the  combined  water  of  the  clay  by  the  lime,  a  reac- 
tion which  is  most  energetic,  as  is  shown  by  the  fact  that 
clay  substance  decomposes  calcium  sulphate  much  more 
readily  than  silica  at  a  lower  temperature,  and  under  but 
slightly  reducing  kiln  conditions.  After  the  expulsion  of 
the  chemical  water,  the  union  with  more  and  more  lime  is  a 
function  of  temperature. 

The  feldspathic  minerals,  though  they  do  not  combine 
with  lime  as  energetically  as  clay  substance,  are  not  far 
behind  in  chemical  activity,  and  owing  to  their  high  content 
of  combined  silica,  they  are  an  ideal  basis  for  a  cement. 
Beside  introducing  a  desirable  silica-alumina  ratio,  the  min- 
erals of  the  feldspathic  type  by  means  of  their  alkali  content, 
lower  the  vitrification  point  of  cements,  thus  decreasing  the 
difficulty  of  burning. 

The  quantity  of  alkalies  brought  in,  even  if  pure  feld- 
spar were  used  as  the  basis  of  cement,  does  not  reach  the 
point  where  it  becomes  injurious  to  the  cement,  for  it  must 
be  remembered  that  combined  alkali  has  an  entirely  different 
function  from  alkali  brought  in  merely  in  the  form  of  a 
carbonate.  What  Prof.  Newberry  says  in  regard  to  the 
addition  of  free  alkali  does  not  apply  to  a  silicate  like 
feldspar. 

In  this  connection  the  interesting  question  of  the  pro- 
duction of  white  Portland  cement  might  be  mentioned.  It 
seems  to  be  an  entirely  feasible  plan  to  produce  a  high  grade 
white  Portland  cement  by  means  of  a  white  clay,  high  in 
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feldspathic  matter,  such  as  the  Mt.  Holly  clay  of  Pennsyl- 
vania. The  same  end  can  be  attained  by  preparing  an 
artificial  mixture  of  kaolin,  feldspar  and  flint,  which,  of  course, 
would  be  more  expensive  than  the  use  of  a  naturally  occur- 
ing  easily  fusible  material.  Several  instances  have  come  to 
the  writer's  notice^  in  which  the  production  of  a  white  cement 
was  attempted  simply  by  the  use  of  kaolin  and  a  lime  bear- 
ing material.  Since  such  a  mixture,  owing  to  the  infusible 
nature  of  the  kaolin,  is  extremely  difficult  to  clinker,  beside 
resulting  in  a  highly  aluminous  cement,  it  is  not  surprising 
that  the  experiments  proved  failures. 

The  quartz  unites  with  lime  most  reluctantly  and  only 
when  finely  ground,  as  has  been  shown  by  the  writer  in 
previous  work,  and  hence  the  entire  raw  grinding  process 
must  be  directed  towards  grinding  the  free  quartz  so  fine 
that  it  will  combine  in  the  kiln  with  the  desired  amount  of 
lime ;  but  this  has  its  commercial  draw  back.  Experiments 
designed  to  show  how  far  the  grinding  myst  be  carried  on  in 
a  tube  mill,  so  as  to  produce  a  good  cement  from  clays  con- 
taining certain  amounts  of  more  or  less  coarse  quartz  are  ur- 
gently needed,  and  would  prove  very  valuable.  Also,  it  would 
be  exceedingly  instructive  to  know  just  what  size  of  quartz  is 
absolutely  necessary  for  combination  with  the  lime  in  the 
rotary  kiln.  By  knowing  this,  it  migh  t  be  possible  to  decrease 
the  lime  content,  allowing  a  certain  excess  of  inert  silica, 
and  preventing  the  presence  of  free  lime.  The  problem 
certainly  has  a  decided  commercial  interest. 

This  also  brings  us  to  the  question  of  using  quartz 
introduced  into  the  cement  mixture  in  the  shape  of  sand 
stone.  There  is  no  reason  why  an  addition  of  quartz  to 
highly  aluminous  clays  should  not  be  feasible  and  practi- 
cable, though  in  this  case  it  would  be  necessary  to  use  a  set 
of  separate  crushing  and  grinding  machinery,  which  would 
grind  the  sand  stone  to  quite  a  fine  powder  before  it  is  added 
to  the  clay  and  lime  materials.  Since  the  amount  of  quartz 
thus  required  is  comparatively  small,  it  would  seem  that  the 
expense  of  the  extra  grinding  is  not  prohibitive. 

Some  interesting  data  could  be  collected  by  studying 
the  residue  insoluble  in  HCl  and  NajCOg  solution  of  various 
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Portland  cements,  made  from  diflferent  raw  materials ;  this 
residue,  of  course,  consists  practically  of  inert  silica  and 
carbon,  and  is  bound  to  tell  a  tale  of  the  sufficiency  of  grind- 
ing and  combination. 

Beside  the  mineralogical  consideration  of  the  clays  used 
in  cement  making,  the  general  chemical  question  of  the  best 
ratio  between  silica  and  alumina  is  one  which  deserves  thor- 
ough attention,  and  would  amply  repay  the  labor  of  deter- 
mining it.  All  who  are  acquainted  with  the  manufacture  of 
Portland  cement,  realize  that  clays  too  high  in  alumina 
produce  cements  apt  to  show  very  disagreeable  and  dangerous 
properties. 

In  the  United  States  about  three  general  types  of  grinding 
machinery  are  in  use  for  this  grinding  of  the  raw  and  burnt 
cement.  It  is  the  object  of  grinding  the  raw  mixture  to 
establish  as  intimate  a  molecular  contact  as  practicable,  thus 
bringing  about  as  complete  a  chemical  reaction  as  possible. 
On  the  other  hand,  the  clinker  must  be  ground  as  finely  as 
possible  in  order  that  the  highest  cementing  power  may  be 
produced,  and  it  is  well  known  that  the  higher  the  percentage 
of  the  very  finest  particles  in  a  cement,  the  greater  will  be 
the  strength  and  bonding  power.  The  amount  of  this  ck-^ 
tremely  fine  powder  can  be  roughly  estimated  by  the  use  of 
sieves,  but  this  kind  of  test  does  not  offer  a  sufficiently  ac^ 
curate  basis  of  comparison.  We  can,  however,  arrive  at  a 
satisfactory  determination  by  means  of  a  mechanical  separa* 
tion  of  various  sizes  of  particles,  arbitrarily  fixed.  The  most 
convenient  method  is  that  of  suspension,  in  which  the  powder 
is  allowed  to  settle  a  given  length  of  time  in  beakers  con- 
taining water  if  the  raw  mixture  is  to  be  examined,  and  96 
per  cent,  alcohol  if  a  cement  is  to  be  subjected  to  the  teat. 
The  sizes  thus  obtained  are  measured  quite  readily  by  means 
of  a  micrometer  slide  attached  to  a  microscope.  In  this 
manner  the  true  efficiency  of  a  grinding  machine  can  be 
determined,  for  the  apparatus  producing  the  greatest  amount 
of  the  finest  particles  per  unit  of  power  is  the  most  desirable 
machine. 

Finally,  the  writer  would  like  to  allude  to  a  most  im- 
portant economic  problem,  namely,  the  determination  of  the 
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suitability  of  the  various  coals  for  the  burning  of  Portland 
cement  in  the  rotary  kiln,  a  question  involving  elaborate 
experiments  and  a  great  outlay,  but  amply  justified  by  the 
importance  of  the  matter  at  issue.  The  question  which  coals 
are  and  which  are  not  suitable  for  this  purpose,  comprises 
besides  the  strictly  thermal  questions  of  calorific  power, 
calorific  intensity,  inflammability,  also  the  investigation  of 
the  effects  produced  by  the  sulphur  in  the  coal. 

In  conclusion,  it  might  be  said  that  a  number  of  the 
investigations  outlined  are  now  being  carried  on  by  the  Ohio 
Geological  Survey,  and  are  being  pushed  towards  completion 
as  rapidly  as  possible.  It  is  hoped  by  the  Survey  that  the 
work  may  contribute  some  definite  knowledge  to  the  store  of 
information  already  available,  and  that  the  American  manu- 
facturers may  be  induced  to  adopt  the  liberal  policy,  so 
splendidly  manifested  by  the  Society  of  German  Portland 
Cement  Manufacturers,  to  whom  the  world  is  indebted  for  so 
much  scientific  information.  This  body  of  manufacturers^ 
by  contributing  large  sums  of  money  for  the  establishment 
of  a  fine  laboratory,  and  the  carrying  on  of  research  work  for 
the  benefit  of  its  members,  as  well  as  by  doing  independent 
individual  work,  has  accomplished  results  unexcelled  in  the 
annals  of  any  manufacturer's  organization.  There  is  no 
reason  whatever  why  the  American  Portland  cement  manu- 
facturers should  not  accomplish  as  much  or  more,  by  simply 
co-operating  along  these  lines.  The  benefits  thus  reaped 
would  be  of  such  magnitude,  that  the  slight  expenditure  of 
time  and  money  necessary  would  be  positively  insignificant. 
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NOTES  ON  THE  DEVELOPMENT  OF  GREENS  FROM 

CUPRIC  OXIDE  IN  GLAZES. 

BY 

FRANCIS  W.  WALKER,  Bbaveb  FAmiS,  Pa. 

The  notes  presented  in  this  paper  do  not  cover  the 
subject  as  fully  as  I  had  intended,  as  I  found  my  time  too 
limited  to  undertake  a  larger  investigation  and  have  it  ready 
for  this  meeting. 

The  experiments  have  been  confined  to  the  following 
basic  oxides;  lime,  potash,  soda,  lead,  barium,  zinc  and 
magnesia,  displacing  each  other  in  the  formulae  in  regular 
order,  so  that  the  changes  occuring,  and  the  effects  upon 
cupric  oxide  could  be  readily  noted. 

Green  glazes  produced  with  copper  are  subject  to  so 
many  changes  when  under  fire,  that  it  becomes  very  neces- 
sary to  use  every  care,  both  in  the  making  and  burning  of 
the  glaze*  The  least  variation  of  the  temperature  or  the 
method  of  firing  the  kiln,  will  change  the  color,  varying 
from  a  bright  green  to  a  brown  or  yellow  shade. 

The  volatility  of  copper  also  causes  considerable  trouble; 
the  fumes  are  absorbed  by  the  sagger,  and  are  liberated  when 
again  placed  in  the  kiln,  tinting  the  'ware  in  the  sagger ;  a 
white  glaze  showing  quite  strongly  the  effect  by  absorption 
of  the  green  color.  To  avoid  difficulties  of  this  kind  it 
becomes  necessary  to  have  separate  saggers  for  colors  con- 
taining copper  oxide.  Where  it  is  desired  to  produce  trans- 
-parent  glazes  of  a  green  color  at  ordinary  kiln  temperatures, 
it  is  necessary  to  use  oxide  of  copper;  the  other  mineral 
oxides  produce  greens  which  are  more  or  less  opaque. 

For  the  purpose  of  ascertaining  the  action  of  the  basic 
oxides,  the  change  of  color  and  the  fluxing  produced  in  com- 
bination with  oxide  of  copper,  and  a  correction,  if  possible^ 
of  some  of  these  troubles,  a  line  of  experiments  was  decided 
upon  as  follows : 

First  The  effect  of  the  different  basic  oxides  in  com- 
bination, and  their  action  in  developing  the  green  color  from 
a  constant  content  of  cupric  oxide. 
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Second.  Increase  of  alumina  content,  keeping  the  silica 
content  as  a  mono-silicate  or  bi-oxygen  ratio. 

Tiird,  Increase  of  silica  content,  with  the  alumina  con- 
tent remaining  constant. 

Fourth.  Replacement  of  silica  content  with  an  equiva- 
lent proportion  of  boric  acid^  retaining  the  same  acidity  with 
an  increase  in  oxygen  ratio. 

Fifth.  Increase  of  the  alumina  content  with  silica  con- 
tent remaining  constant,  thus  producing  a  reduction  of  the 
acidity. 

Sixth,  Development  under  same  conditions  of  fire  and 
temperature  on  a  silicious  dust-pressed  body,  and  an  earth- 
enware plastic  body. 

Seventh.  Bxperiments  to  be  made  at  cone  02  and  2, 
showing  the  change,  if  any,  caused  by  the  increased  tem- 
perature. 

To  lessen  fiie  work  as  much  as  possible,  at  the  same 
time  to  retain  close  enough  interchange  of  the  bases  as  out- 
lined in  the  first  proposition,  0.1  equivalent  of  cupric  oxide 
was  decided  to  be  sufficient  copper  strength  to  show  the 
changes,  leaving  0.9  equivalent  to  make  up  the  RO  elements 
for  all  of  the  experiments. 

This  was  done  by  making  a  change  of  .15  equivalent  in 
each  combination,  beginning,  as  you  will  note,  by  referring 
to  experiments  one  to  six,  at  .  45  equivalents  each  of  two 
elements,  down  to  .15  equivalent  each  of  six  elements,  as 
seen  in  Nos.  91  to  97 ;  being  a  gradual  replacement  and 
interchange  of  the  basic  oxides,  and  final  elimination  of  lime 
in  No.  97.  The  AI2O3  and  SiO^  content  was  the  same  in 
all  of  these  experiments. 

In  the  series  of  experiments  Nos.  98  to  137,  in  which 
there  is  an  increase  of  alumina,  retaining  the  bi-oxygen 
ratio ;  increase  of  silica ;  introduction  of  boric  acid ;  an 
increase  of  alumina,  keeping  constant  content  of  silica ; 
the  RO  elements  were  kept  the  same,  to  enable  an  easy  and 
just  comparison  with  each  series. 

The  following  table  of  formulae  gives  a  complete  view 
of  the  glazes  under  consideration : 
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No. 

OuO 
.10 

OaO 
.46 

K,0 
.45 

Na,0 

PbO 

ft  ft  • 

BaO 

ZnO 

MgO 

Al.O, 

Bio. 

B.O, 

1 

■   a  .   . 

ft  ft  ft  ft 

ft  ft  ft  ft 

.20 

1.60 

a  a   a  a 

2 

.10 

.46 

... 

.45 

ft  ft  ft 

ft  ft  ft  ft 

•    •   •   ■ 

•  •  •  • 

.20 

1.60 

»  *   »  m 

8 

.10 

.46 

... 

•  •  •  • 

.46 

ft  «  ft  ft 

•  ft  ft  ft 

ft  ft  ft  ft 

.20 

1.60 

•  .  a  . 

4 

.10 

.45 

... 

•  •  •  • 

■  ft  ft 

.46 

ft  ft       ft 

•   •   •   • 

.20 

1.60 

m  m  a  » 

6 

.10 

.46 

•  • . 

■  •  •  ■ 

ft  ft  ft 

.... 

.45 

ft  •  ft  ft 

.20 

1.60 

.... 

6 

.10 

.46 
.46 

... 
.80 

ft  •  •  • 

ft  ■  ft 
ft  ft  ft 

.... 

ft  ft  ft  ft 

.45 

•  20 

1.60 

.    ■    .    . 

7 

.10 

.16 

.... 

ft  ft  ft  ft 

ft  ft  ft  ft 

.20 

1  60 

a  a   a  a 

8 

.10 

.46 

.30 

.... 

.15 

■  • « • 

•  •  •  • 

■  •  • 

.20 

1.60 

a  a   a   . 

9 

.10 

.45 

.30 

.... 

ft  ft  ft 

.15 

•  •   •  • 

ft  ft  ft  ft 

.20 

1.60 

.... 

10 

.10 

.45 

.30 

. .  • . 

ft  ft  ft 

.... 

.15 

ft  ft  ft  ft 

.20 

1.60 

.  a   a  a 

11 

.10 
.10 

.45 
.46 

.30 
.16 

.... 

ft  ft  ft 
ft  ft  • 

. . .  ■ 

• . . . 

.15 

.20 

1.60 

.... 

12 

.30 

.... 

.... 

ft  ft  ft  ft 

.20 

1.60 

...   a 

13 

.10 

.45 

•  •  • 

.30 

.15 

.... 

.... 

ft  ft  ft  ft 

.20 

1.60 

.  a  .  a 

14 

.10 

.45 

•  •  • 

.30 

... 

.15 

.  • . . 

■  ■  •  • 

.20 

1.60 

.... 

16 

.10 

.45 

•  •  • 

.30 

•  •  • 

•  •  ft  ft 

.15 

•  ft  ft  ft 

.20 

1.60 

.... 

16 

.10 
.10 

.45 

.46 

«  ■  • 
«  •  ■ 

.30 

.80 

•  ft  ft  ft 

ft  ft  ft  » 

.15 

.20 

1.60 

.... 

17 

.16 

ft  ft  ft  ft 

ft  ft  ft  ft 

■  «  ■  • 

.20 

1.60 

.... 

18 

.10 

.45 

.16 

.... 

.30 

ft  ft  ft 

ft  ft  ft  ft 

ft  ft  ft  ft 

.20 

1.60 

.... 

19 

.10 

.45 

... 

.... 

.30 

.15 

ft  ft  ft  ft 

•  ■   ■  • 

.20 

1.60 

.... 

20 

.10 

.45 

... 

.... 

.30 

•  •  •  » 

.15 

«  ft  ft  ft 

.20 

1.60 

.... 

21 

.10 
.10 

.45 
.45 

... 
... 

•-  • . . 

.30 
.15 

ft  ft  ft 

ft  ft  ft  ft 

.15 

.20 

1.60 

.... 

22 

.... 

.30 

ft  ft  ft  • 

ft  ft  ft  ft 

.20 

1.60 

m  *  9  9 

23 

.10 

.45 

... 

.15 

ft  ft  ft 

.30 

•  ft  •  ■ 

ft  ft  ft  ft 

.20 

1.60 

9    9    9    9 

24 

.10 

.45 

.15 

.... 

ft  ■  ft 

.30 

ft  ft  ft  ft 

•    •    •    a 

.20 

1.60 

.... 

25 

.10 

.46 

•  •  * 

* . .  • 

ft  ft  ft 

.30 

.16 

■    ■    •    • 

.20 

1.60 

.          .    . 

26 

.10 
.10 

.45 
.45 

•  •  • 

• . . . 

ft  ft  ft 
ft  ft  ft 

.80 

.... 

.15 

.20 

1.60 

■     •     .     . 

27 

•  •  • 

.... 

.15 

.30 

ft  ft  ft  ft 

.20 

1.60 

.... 

28 

.10 

.46 

«  •  ft 

•  •  • . 

.15 

.... 

.30 

ft  •  •  • 

.20 

1.60 

.... 

29 

.10 

.46 

•  •  • 

.15 

... 

...    a 

.30 

ft  ft  ft  ft 

.20 

1.60 

...   a 

30 

.10 

.45 

.16 

.... 

... 

.... 

.30 

ft  ft  ft  ft 

.20 

1.60 

..... 

31 

.10 
.10 

.45 
.45 

... 
... 

. « .  • 

... 
... 

.    •    •    • 

.30 

.15 

.20 

1.60 

.... 

32 

.... 

.... 

.16 

.80 

.20 

1.60 

.... 

33 

.10 

.45 

. .  • 

.... 

.16 

a   .   .  . 

.30 

.20 

1.60 

.... 

84 

.10 

.45 

... 

.... 

.16 

.... 

a   •    a   a 

.80 

.20 

1.60 

.... 

86 

.10 

.46 

.  • . 

.16 

... 

.... 

.   a   .    . 

.30 

.20 

1.60 

9    9    9    9 

36 

.10 
.10 

.45 
.30 

.15 
.80 

ft  •  ■  ft 

... 

.... 

»   m    »    » 

.30 

.20 

1.60 

.    .    .    • 

37 

.30 

.... 

.    *    .  « 

a  9  a    , 

.20 

1.60 

.... 

38 

.10 

.80 

.30 

.... 

.30 

■  • « • 

.... 

.... 

.20 

1.60 

.    .   a    a 

89 

.10 

.30 

.80 

.... 

... 

.30 

.   .         . 

.... 

.20 

1.60 

9    9     9    9 

40 

.10 

.30 

.30 

•  •  •  • 

... 

ft  ft  ft  » 

.30 

.... 

.20 

1.60 

«... 

41 

.10 

.30 

.30 

.... 

• . . 

ft  ft  ft  ft 

.... 

.30 

.20 

1.60 

.... 

1 

1 
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k 


No. 

OuO 

OaO 

.80 
.80 
.80 
.80 

.80 
.30 
.30 

.30 
.80 

.80 

.80 
.80 
.30 
.80 

.80 
.30 
.80 

.80 
.80 

.30 

.30 
.30 
.80 
.80 

.30 
.30 
.30 

.80 
.80 

.80 

.80 
.80 
.80 
.80 

K.O 

... 
... 
... 
... 

... 
... 
... 

... 
... 

... 

.80 
.30 
.30 
.30 

.80 
.30 
.80 

.80 
.30 

.30 

... 
... 
•  • . 
.15 

•  «  • 

•  •  • 

.15 

... 
.16 

.15 

... 
... 
... 
.15 

Na,0 

PbO 

.80 

... 
... 
... 

.80 
.80 
.80 

•  •  • 

•  •  • 

.15 

... 
... 
... 

.15 
.15 
.15 

... 
... 

... 

.15 
.15 
.15 
.15 

... 

... 
... 

... 
... 

... 

.80 
.30 
.80 
.80 

BaO 

ZnO 

MgO 

A1,0, 

810. 

B/), 

42 
48 
44 
46 

.10 
.10 
.10 
.10 

.10 
.10 
.10 

.10 
.10 

.10 

.10 
.10 
.10 
.10 

.10 
.10 
.10 

.10 
.10 

.80 
.80 
.80 
.30 

•  •  •  • 

.80 

•  ■  •  • 

•  •  •  • 

•  •  •  • 

•  •  ■  • 

.80 

•  •  •  • 

•  •  •  • 

•  •  •  ■ 

.80 

.20 
.20 
.20 
.20 

1.60 
1.60 
1.60 
1.60 

.  •-.  • 

.... 

... 

•  •  * . 

46 
47 
48 

•  •  •  • 

*  •  ■  • 

•  ■  • 

.80 

.... 
.... 

•  •  •  • 

.80 

.... 

•  •  • 
•  •  •  • 

.80 

.20 
.20 
.20 

1.60 
1.60 
1.60 

.... 
« . .  • 
.... 

49 
60 

•  •  •  • 

•  •  •  • 

.80 
.30 

.80 

.... 

• . . . 
.30 

.20 
.20 

1.60 
1.60 

.... 
.... 

51 

•  •  •  • 

.... 

.80 

.80 

.20 

1.60 

.... 

52 
58 
54 
55 

.15 
.15 
.15 
.15 

.... 
.15 

•  •  •  • 

.... 

•  •  • 

•  •  ■  • 

.15 

•  •  •  • 

.... 

. .  • . 

.... 

.15 

.20 
.20 
.20 
.20 

1.60 
1.60 
1.60 
1.60 

... 
.... 
... 
.... 

66 
57 
58 

•  •  •  « 

•  •  •  • 

•  ■  •  ■ 

.15 

.... 
.... 

•  •  •  ■ 

.16 

.... 

•  •  •  • 

•  •  •  • 

.15 

.20 
.20 
.20 

1.60 
1.60 
1.60 

.... 

.... 
.... 

68 

60 

•  •  •  • 

•  ■  •  • 

.15 
.15 

.15 

.... 

•  ■   ■   • 

.15 

.20 
.20 

1.60 
1.60 

.... 

.... 

61 

.10 

.10 
.10 
.10 
.10 

•  •  •  • 

.... 

.16 

.15 

.20 

1.60 

«... 

62 
68 
64 
66 

.80 
.80 
.80 
.80 

.16 

.... 
.... 
.... 

•  •  «  • 

.15 

•  ■  •  • 

•  •  •  • 

.... 

.... 

.16 

.... 

.20 
.20 
.20 
.20 

1.60 
1.60 
1.60 
1.60 

.... 

.... 

... 

.  .    •  a 

66 
67 
68 

.10 
.10 
.10 

.10 
.10 

.10 

.30 
.30 
.80 

.16 
.15 
.15 

.16 

•  •  •  • 

•  •  •  • 

.... 
.15 

. .  > . 

.20 
.20 
.20 

1.60 
1.60 
1.60 

.... 

.... 
... 

69 
70 

.30 
.80 

.... 
.... 

.15 
.16 

.15 

•  •  •  • 

.20 
.20 

1.60 
1.60 

.... 
.... 

71 

.80 

.... 

•  •  ■  ■ 

.15 

.20 

1.60 

.... 

72 
78 
74 
75 

.10 
.10 
.10 
.10 

•  •  •  • 

•  •  •  • 

.16 

•  •  •  ■ 

.15 
.15 
.15 
.15 

.15 

.... 
.... 

.... 

.... 
.15 

•  •  •  • 

•  •  •  • 

.20 
.20 
.20 
.26 

1.60 
1.60 
1.60 
1.60 

.... 
.... 
.... 
•  .  a  • 
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No. 

OaO 
.10 

OaO 
.80 

K,0 

•  •  • 

Na,0 

PbO 
.80 

BaO 

ZnO 

MgO 

A1.0, 

810ft 

B^. 

76 

.... 

.... 

.16 

.16 

.20 

1.60 

.... 

77 

.10 

.80 

■  •  • 

.16 

.30 

. .  •  • 

.16 

.... 

.20 

1.60 

.... 

78 

.10 
.10 

.80 
.80 

.16 

•  *  • 

.... 

.80 
.80 

.... 

.16 

• . . . 

.20 

1-60 

.... 

78-A 

.16 

•  •  •  • 

.16 

.20 

1.60 

.... 

78-B 

.10 
.10 

.80 

.30 

.16 

•  •  • 

.... 

.80 

•  •  • 

•  a  .  . 

•  •  • 

.15 

.20 

1.60 

.... 

79 

.... 

.80 

.16 

.16 

.20 

1.60 

.... 

80 

.10 

.80 

•  •  • 

.... 

.16 

.80 

.16 

.... 

.20 

1.60 

.... 

81 

.10 

.80 

•  •  • 

.16 

«  •  ■ 

.80 

.16 

.  • .  • 

.20 

1.60 

.... 

82 

.10 
.10 

.80 
.80 

.16 

•  •  • 

.... 

•  ■  • 

.16 

.30 

16 

.... 

.20 

1.60 

.... 

82-A 

> . .  • 

.80 

.... 

.16 

.20 

1.60 

.... 

82-B 

.10 

.80 

■  •  • 

.16 

•  •  • 

.30 

.... 

.16 

.20 

1.60 

.... 

82-C 

.10 
.10 

.30 
.80 

.16 

•  •  • 

.... 

•  •  • 

.80 

.... 

.16 

.20 

1.60 

.... 

88 

«... 

•  •  ■ 

.16 

.80 

.16 

.20 

1.60 

.... 

84 

.10 

.80 

•  •  • 

.... 

.16 

•  •  •  • 

.80 

.16 

.20 

1.60 

.... 

86 

.10 

.80 

•  •  • 

.15 

... 

•  •  •  • 

.30 

.16 

.20 

1.60 

.... 

86 

.10 
.10 

.30 
.80 

.16 

• . . 

•  •  •  • 

... 
... 

•  •  •  ■ 

.80 

.16 

.20 

1.60 

.... 

87 

•  •  • 

.16 

.16 

.80 

.20 

1.60 

.... 

88 

•10 

.80 

... 

«  •  ■  • 

.16 

« .  • . 

.16 

.80 

.20 

1.60 

.... 

89 

.10 

.80 

... 

.16 

•  •  • 

.... 

.16 

.80 

.20 

1.60 

.... 

90 

.10 

.80 
.16 

.16 

•  •  • 

.... 

•  •  • 

.... 

.16 

.80 

.'/O 

1.60 

' .  •  •  • 

91 

.10 

.16 

.16 

.16 

.16 

.16 

.20 

1.60 

.... 

92 

.10 

.16 

.15 

•  *  •  • 

.16 

.16 

.15 

.16 

.20 

1.60 

.... 

98 

.10 

.16 

.16 

.15 

•  •  • 

.16 

.16 

.16 

.20 

1.60 

.... 

94 

.10 

.16 

.16 

.16 

.16 

.... 

.16 

.16 

.20 

1.60 

.     a    •    • 

96 

.10     .16  1 

.16 

.16 

.16 

.16 

.... 

.16 

.20 

1.60 

.    .    •   • 

96 

.10 

.16 

.16 

.16 

.16 

.15 

.16 

.... 

.20 

1.60 

.... 

97 

.10 
.10 

... 

.16 

.16 

.16 
.80 

.15 

.16 

.16 

.20 

1.60 

.... 

98 

.80 

.16 

.... 

• . . . 

.16 

•  •  •  • 

•  •  • 

1.00 

.   •    ■   . 

99 

.10 

.80 

.16 

.... 

.80 

• . .  • 

.15 

k   •  ■  ■ 

.06 

1.16 

.... 

100 

.10 

.30 

.16 

•  •  • . 

.80 

.... 

.15 

■  •  ■  • 

.10 

1.80 

.... 

101 

.10 

.80 

.16 

.... 

.80 

.... 

.16 

•>  •  «  • 

.15 

1.45 

.... 

102 

.10 

.80 

.16 

... 

.80 

. .  • 

.16 

•  •  •  • 

.20 

1.60 

.... 

108 

.10 

.80 

.16 

.... 

.80 

.... 

.16 

•  •  •  • 

.26 

1.76 

•   .    .     • 

104 

.10 

.30 

.16 

.... 

.30 

...  * 

.15 

•  •  •  • 

.80 

1.90 

.... 

106 

.10 

.80 

.16 

.  •  •  • 

.80 

.... 

.16 

•  •  •  • 

.86 

2.05 

.... 

106 

.10 

.80 
.80 

.16 
.16 

... 

.80 
.80 

. . .  • 

.16 

•  •  •  • 

.40 

2.20 

.... 

107 

.10 

.  - . . 

.... 

.16 

•  •  •  • 

.20 

1.00 

.... 

108 

.10 

.80 

.16 

.... 

.80 

.... 

.16 

•  •  •  • 

.20 

1.26 

.   ■   •   • 

109 

.10 

.80 

.16 

.... 

.80 

.... 

.16 

•  •  •  • 

.20 

1.60 

•    •    a    . 

110 

.10 

.80 

.16 

.... 

.80 

•  ■ .  • 

.16 

•  •  •  • 

.20 

1.76 

.... 

111 

.10     .80 

,16 

.... 

.80 

•  •  •  • 

.16 

•  •  •  • 

.20 

2.00 

.... 

112 

.10     .80     .16 

.... 

.80 

.... 

.16 

•  •  •  • 

.20 

2.25 

.... 
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No. 

OnO 

.10 
.10 
.10 
.10 
.10 

.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 

OaO 

.80 
.80 
.30 
.30 
.30 

.80 
.80 
.80 
.30 
.30 
.30 
.80 
.80 
.30 
.30 
.30 

.30 
.80 
.30 
.80 
.30 
.80 
.30 
30 
.30 

K,0 

NasO 

PbO 

.80 
.80 
.30 
.80 
.80 

.80 
.80 
.80 
.80 
.30 
.80 
.80 
.80 
.30 
.30 
.30 

.80 
.80 
.80 
.30 
.30 
.30 
.80 
.80 
.80 

BaO 

ZnO 

MgO 

• 

A1,0, 

810, 

B/), 

118 
114 

115 
116 
117 

.15 
.15 
.16 
.16 
.15 

.15 
.15 
.15 
.16 
.16 
.16 
.15 
.15 
.16 
.15 
.15 

.16 
.15 
.15 
.15 
.16 
.15 
.16 
.16 
.16 

.15 
.16 
.15 
.15 
.15 

.20 
.20 
.20 
.20 
.20 

2.60 
2.76 
3.00 
3.26 
3.50 

118 
119 
120 
121 
122 
128 
124 
125 
126 
127 
128 

.... 

.15 
.16 
.15 
.15 
.15 
.15 
.16 
.15 
.15 
.16 
.15 

.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

1.75 
1.70 
1.66 
1.60 
1.55 
1.60 
1.46 
1.40 
1.85 
1.30 
1.25 

.... 
.05 
.10 
.15 
.20 
.26 
.30 
.36 
.40 
.45 
.50 

129 
130 
181 
132 
133 
134 
185 
136 
137 

.10 

.10 

.10 

.10 

.10, 

.10 

.10 

.10 

.10 

■  •  ■  • 

.15 
.15 
.15 
.16 
.16 
.15 
.15 
.15 
.15 

.10 
.15 
.20 
.25 
.80 
.86 
.40 
.45 
.60 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 

284  GBBBNS  FBOM  CUPBIG  OXIDB  IN  GLAZES. 

In  these  experiments  the  K2O  was  obtained  from  pure 
carbonate  potash,  NajO  from  crystal  carbonate  of  soda,  PbO 
and  BaO  from  the  carbonates  and  ZnO  and  MgO  from  the 
oxides.  AI2O8  was  obtained  entirely  from  clay,  .05  equiva- 
lent being  raw  clay  and  the  balance  calcined  clay. 

The  carbonates  of  potash,  soda  and  barium,  and  boric 
acid  were  fritted,  while  the  other  elements  were  used  with- 
out fritting,  as  was  the  oxide  of  copper. 

The  glazes  were  all  carefully  prepared  and  passed 
through  a  brass  lawn  of  200  meshes  to  the  inch.  The  tiles 
were  glazed  and  placed  together  in  the  same  kiln  and  fired 
at  cone  02.  A  second  lot  was  placed  in  an  other  kiln  and 
fired  at  cone  2. 

THE  RESULTS. 

The  benefit  of  these  experiments  can  only  be  gained 
by  a  careful  examination  of  the  samples.  No  words  can 
convey  the  numberless  delicate  shading  of  the  tints  pro- 
duced. Nevertheless,  the  pen  can  describe  a  few  of  the 
coarser  or  more  obvious  distinctions,  which  are  given  below: 

In  glazes  1  to  6,  the  RO  is  composed  of  .45  equiva- 
lent of  CaO  and  .45  equivalent  of  one  of  the  other  elements, 
this  being  the  highest  quantity  of  any  of  the  basic  oxides 
thought  advisable  in  this  line  of  experiments. 

No.  3,  containing  PbO,  was  the  only  one  showing  satis- 
factory glaze  results;  it  developed  a  very  dark  green,  both  at 
cone  02  and  2,  the  former  having  considerable  scum  over  the 
surface,  with  well  defined  crystals  around  the  edges,  while 
the  latter  was  a  very  clear  glaze  with  a  few  small  crystalline 
spots  on  the  surface. 

The  other  glazes  in  this  series  were  immature  at  both 
cone  02  and  2,  each  base,  however,  showing  different  action 
in  developing  the  copper,  as  well  as  fusibility.  KjO  gave 
a  yellowish  green,  while  the  NajO  leaned  to  the  gray;  BaO 
developed  in  its  semi-vitreous  state  at  cone  02  a  turquois 
green,  but  lost  the  color '  at  the  higher  heat,  changing 
to  a  blackish  green ;  the  ZnO  at  the  lower  heat  had  a  chrome 
green  shade,  changing  at  cone  2  to  a  darker  color.  Their 
fusibility  was  in  the  order  named  :  PbO,  NajO,  ZnO,  KjO 
and  BaO ;  the  MgO  was  infusible,  the  CuO  having  passed 


ORBENS  FROM  OUPBIO  OXXDE  IN  GLAZES.  285 

into  the  body,  leaving  the  glaze  without  any  color  and  peeled 
from  the  body. 

The  details  of  this  series  has  been  given  more  fully  than 
will  be  possible  with  the  others,  to  show  the  action  of  the 
different  basic  oxides  when  in  combination  with  CaO,  and 
comparison  when  combined  with  two  or  more  of  the  basic 
oxides. 

In  glazes  7  to  11  where  the  KjO  has  been  reduced  to 
.30  equivalents,  and  combined  with  .15  equivalents  of  one  of 
the  other  bases,  the  introduction  of  the  third  base  gives  an 
entirely  different  color  effect.  The  zinc  glaze,  No.  10,  is  the 
only  one  showing  a  fully  developed  glaze  at  cone  2.  It  had  a 
light  bluish  iridescence,  while  at  cone  02  it  was  more  of  a 
chrome  shade  with  soft  velvety  matt  effect. 

BaO,  No.  9,  gives  a  grayish  green  matt  glaze  at  cone  2, 
while  PbO,  No.  8,  is  a  dark  blackish  green  color,  iridescent 
crystaline  surface  with  apparently  a  clear  glaze  underneath 
at  cone  2.  MgO,  No.  11,  shows  some  fusibility  at  cone  2, 
with  good  color  effect. 

In  the  glazes  12  to  16,  where  the  .30  equivalents  KjO 
has  been  replaced  by  NajO,  all  show  more  fusibili- 
ty than  the  former  series.  ZnO,  No.  15,  is,  however, 
the  only  clear  glaze  at  cone  2,  as  it  was  in  the  previous 
series,  and  a  light  sea  green  shade  ;  at  cone  02  a  dark  brown 
matt  glaze  was  developed. 

By  the  introduction  of  .30  equivalents  of  PbO  in  glazes  17 
to  21,  a  line  of  more  fusible  glazes  are  obtained,  with  entirely 
different  results  from  the  preceding  experiments.  The  ZnO 
member — No.  20 — is  a  beautiful  clear  green,  the  KjO  shows 
most  fusibility,  and  the  NajO  has  many  small  crystals  on  the 
surface. 

The  BaO  glaze.  No.  19,  is  covered  with  a  scum,  showing 
some  tendency  to  crystalize  and  is  the  only  one  in  this 
series  that  shows  any  crazing.  At  cone  02  this  series  is 
thoroughly  fused,  but  the  heat  is  not  suflBcient  to  fully  develop 
the  glazes. 

There  is  very  little  variation  in  the  color  effect  in  this 
series ;  the  increased  content  of  PbO  seems  to  negative  the 
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action  of  the  other  bases  on  copper  which  is  very  noticeable 
in  comparing  No.  18  with  No.  8,  or  No.  17  with  No.  13. 

BaO  in  No.  22  to  No.  26,  does  not  give  the  fhsible  quali- 
ties expected  from  it,  as  none  of  the  glazes  have  cleared. 
K2O  in  No.  24  seems  to  excite  the  fluxing  qualities  of  BaO 
more  than  the  other  bases. 

In  the  series  containing  .30  equivalents  ZnO,  No.  27  to 
No.  31,  the  one  with  BaO,  No.  27,  is  more  fusible  than  the 
barium  zinc  combination,  No.  25,  which  contains  a  larger 
quantity  BaO.  The  increase  of  ZnO  excites  the  fluxing, 
while  the  reverse  is  the  case  with  PbO,  No.  28,  when  com- 
pared with  No.  20.  The  most  fusible  of  this  series  is 
the  NajO  member,  No.  20,  which  gives  a  very  dark  clear 
grass  green,  deepening  and  changing  the  color  when  com- 
pared with  No.  15  which  is  much  lighter  and  more  of  a 
turquoise,  while  the  one  with  KjO,  No.  30,  has  a  bluish  cast 
more  of  a  sea  green,  with  some  fine  crystals  on  the  surface. 

Nos.  27  and  28  at  cone  02  are  matt  glazes,  the  former 
showing  some  signs  of  crystalizing,  while  the  latter  produces 
a  very  soft  velvety  matt  surface  of  a  bronze  green  color. 
No.  29  at  cone  02  gives  a  semi-matt  glaze,  of  a  chrome-green 
color. 

In  the  glazes  No.  31  to  No.  36,  containing  .30  equivalents 
MgO,  there  is  no  signs  of  fusion  at  cone  02,  the  glaze  crack- 
ing and  peeling  from  the* body,  while  at  cone  2,  No.  34, 
with  PbO,  is  vitrified  with  dull  surface,  No.  36  and  No.  35 
being  next  in  order  of  fusibility. 

The  order  of  fusibility  with  .15  equivalent  of  MgO  is 
No.  21,  No.  16,  No.  11,  No.  26,  and  No.  31,  containing  .46 
Eq.  CaO,  and  .30  Eq.  PbO,  NajO,  K^O,  BaO,  and  ZnO 
respectively. 

In  all  of  the  glazes  from  No.  1  to  36,  containing  .45 
equivalent  CaO,  there  are  none  of  practical  use  at  cone  02, 
but  several  at  cone  2  ;  No.  20  being  a  very  good  glaze,  dark 
green  with  slight  yellow  cast,  while  at  cone  02  there  are 
several  excellent  dull  or  matt  glazes,  as  above  mentioned. 

In  considering  glazes  37  to  41,  you  will  note  the  first 
reduction  in  CaO  content  to  .30  equivalent,  dividing  the 
other  bases  into  .30  equivalent  each. 
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A  reduction  of  CaO  and  the  addition  of  .15  equivalent  of 
one  of  the  other  bases,  when  compared  with  series  No.  7  to 
No.  11  shows  increased  fusibility ,  except  in  No.  41,  MgO; 
No.  40  containing  ZnO  gives  a  bluish  opaque  color  at  cone  2 
while  at  cone  02  a  semi-mat  blue-green  glaze.  In  No.  39 
we  have  a  peculiar  black-green  matt  surface  at  both  cone  2 
and  02,  with  very  fine  crystals  covering  the  surface  at 
cone  2. 

In  the  soda  Series,  No.  42  to  No.  46,  there  is  an  increas- 
ed fusibility  when  compared  with  No.  12  to  No.  16,  with  the 
exception  of  No.  45,  MgO.  The  whole  series  is  more  fusible 
than  the  one  containing  KjO.  The  color  in  No.  44  at  cone 
02  gives  a  gray-green  matt  surface  and  loses  the  blue  color 
produced  by  K2O  in  No.  40. 

In  Nos.  46  to  51^  which  closes  the  .30  equivalent  series, 
are  some  interesting  effects.  In  No.  47  the  increase  of  zinc 
does  not  perceptibly  affect  the  color  or  fusibility  in  com- 
parison with  No.  20,  except  that  in  the  former,  small  fioculent 
spots  appear  suspended  in  the  glaze.  No.  49  has  qualities 
worthy  of  further  investigation,  producing  a  semi-glossy 
surface  of  very  good  dark  green,  ^os.  48  to  51  are  matt  sur- 
faces, the  first  a  yellow-green,  while  the  other  is  a  gray- 
green. 

In  the  next  series  of  experiments,  a  fourth  element  is 
introduced  in  the  RO,  with  increased  fusibility  and  change 
of  color  all  through  the  series ;  but  I  will  not  attempt  to 
give  a  detailed  analysis,  only  calling  your  attention  to  a  few 
of  the  most  marked  changes.  Again,  the  larger  content  of 
NajO  over  K^O  shows  in  a  marked  degree  more  fusibility 
and  decided  difference  in  color  effect,  as  seen  by  comparing 
No.  53  and  No.  54  with  No.  68  and  No.  70  at  cone  2. 

Nos.  58,  59,  61,  69  and  78B  at  cone  2  are  dull  on  semi- 
dull  surfaces,  the  colors  being  entirely  different,  varying 
from  a  gray  to  a  blue  and  brownish-green.  The  surface  of 
No.  69  is  covered  with  fine  gray  needle  crystals,  with  a 
darker  green  in  the  body  glaze,  and  is  worthy  of  further 
consideration  as  are  all  the  others. 

The  Series  No.  70  to  No.  82,  containing  .30  equivalents 
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of  barium  produces  at  cone  2,  some  dull  effects  that  can  be 
followed  to  advantage  in  some  further  experiments. 

No.  85  is  a  fully  developed,  very  dark  brilliant  green 
glaze  at  cone  2,  while  at  cone  02  shows  little  signs  of 
fusion. 

The  first  combination  with  MgO,  giving  satisfactory 
results,  is  the  one  with  lead  and  zinc,  No.  76,  giving  a  dark, 
clear  green  glaze,  but  practically  the  same  color  as  the  ones 
with  K2O  and  NagO  content,  No.  77  and  No.  78,  indicating 
that  MgO  has  no  peculiar  action  in  producing  copper 
greens. 

In  the  series  containing  an  equal  division  of  the  RO 
elements,  the  results  were  not  as  anticipated,  as  more  fusible 
glazes  were  expected.  The  only  ones  showing  any  tendency 
to  a  clear  glaze,  were  Nos.  91,  92,  94  and  96,  at  cone  2,  No. 
94  being  a  fully  developed  dark  green  glaze.  No.  97,  the 
only  one  in  the  entire  series  without  CaO,  gives  every  indi- 
cation of  a  good  glaze  at  a  little  higher  heat,  and  does  not 
indicate  that  lime  has  any  decided  efiect  in  developing  cop- 
per greens. 

In  Nos.  98  to  106  is  an  increase  of  AI2O3  with  corres- 
ponding increase  of  Si02,  keeping  the  bi-oxygen  ratio, 
beginning  at  a  very  low  SiOg  content  without  any  AI2O8 
and  increasing  by  .05  equivalent  up  to  .40  equivalent,  and  in 
Nos.  129  to  137  is  an  increase  of  AI2O3,  without  any  change 
in  Si02  content,  reducing  from  an  oxygen  ratio  of  2.46 
to  1.28. 

The  effect  of  an  increase  of  AI2O3  is  very  marked,  the 
color  gradually  changing  from  a  bright  emerald  green  to  a 
very  deep  green  in  No.  101  and  then  gradually  getting 
lighter  to  a  yellow  green  with  fairly  satisfactory  glazes  at 
cone  2  up  to  the  one  containing  .30  equivalent  of  AI2O8, 
No.  105,  and  at  cone  02,  up  to  .20  equivalent  AI2O3,  No. 
102,  with  very  slight  variation  of  color  between  the  two 
temperatures  on  the  dust  pressed  body,  while  on  the  earth- 
enware body  at  cone  02,  the  glazes  are  better  developed,  but 
show  a  tendency  to  crazing. 

No.  98  without  any  alumina,  is  a  very  good  glaze  at 
cone  2,  while  at  cone  02,  small  crystals  are  seen  along  the 
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edges  and  on  the  surface  of  the  glaze ;  No.  106  begins  to 
show  a  flaky  crystalline  effect  from  the  increase  of  AljOg. 

The  same  effect  of  producing  a  yellow  green  is  also 
very  noticeable  in  Series  Nos.  129  to  137,  giving  a  dark 
green  up  to  No.  131,  when  the  yellow  begins  to  show  its 
effect  on  the  color,  by  the  increase  of  AI2O3,  but  not  so 
much  as  in  the  other  series;  .10  equivalent  at  cone  02  and 
.25  equivalent  at  cone  2  seems  to  be  the  limit  of  AlgOs  in 
producing  glazes  with  SiOg  content  of  1.60  equivalent.  The 
glazes  beyond  these  qualities  having  a  matt  effect  with  a  soft 
velvety  surface  on  the  higher  AI2O3  content  at  cone  02  and 
cone  2;  .40  equivalent  produces  the  best  mat  surface  at 
cone  02  and  .50  equivalent  at  cone  2. 

This  line  of  experiments  on  the  earthenware  body  are 
more  fusible,  without  any  change  in  color. 

With  the  increase  of  silica,  maintaining  alumina  con* 
stant.  Series  Nos.  107  to  117,  we  have  good  glazes  from 
Nos.  108  to  113  at  cone  2,  and  fairly  good  at  cone  02,  the 
latter  showing  some  tendency  to  creep,  which  no  doubt  can 
be  corrected  by  a  mechanical  change  in  the  mixing  of  the 
glaze.  The  higher  silica  glazes  of  this  series  are  in  various 
stages  of  devitrification,  the  first  indication  appearing  in  No. 
Ill,  but  all  of  them  produce  a  rough  texture. 

There  is  a  decided  difference  between  Nos.  107  and  108, 
.25  equivalent  of  SiO 2  changing  the  glaze  from  a  matt  to 
practically  a  clear  glaze  at  cone  02,  and  at  cone  2  to  a  beauti- 
ful shade  of  green  with  a  little  tendency  to  crazing.  No. 
107  at  cone  2  has  lost  the  matt,  changing  into  a  fully  vitrified 
glaze,  covered  with  small  crystals.  The  texture  of  the  matt 
effect  in  No.  107  is  very  much  the  same  as  produced  by  high 
AI2O3  content,  and  compares  very  closely  to  No.  133  in 
surface,  but  not  in  color.  Increased  Si02  content  has  no  per- 
ceptable  change  in  color  at  either  temperature. 

The  earthenware  body  in  this  series  gives  about  the 
same  degree  of  fusion  at  cone  02  as  the  dust  pressed  body 
does  at  cone  2,  but  no  difference  in  the  color. 

The  boric  acid  series,  Nos.  119  to  128,  gives  a  good  line 
of  glazes  at  cone  2  with  very  little  change  in  color,  but 
showing  some  signs  of  bleaching  to  a  lighter  color ;  but  at 
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cone  02  on  the  dust  pressed  body,  the  lower  series  of  B3O3 
are  somewhat  crystalized  and  looks  very  much  like  the 
beginning  of  divitrification,  decreasing  as  the  BsOg  in* 
creases;  Nos.  122  to  128  are  clear  glazes,  the  higher  con- 
tent giving  a  brighter  green.  On  the  earthenware  body,  the 
glazes  are  all  good,  but  there  is  considerable  change  in  color 
between  cones  02  and  2,  the  latter  giving  an  entirely  differ- 
ent quality  of  green. 

The  separating  and  creeping  of  many  of  these  glazes> 
can  be  corrected  by  changing  the  mechanical  mixing,  either 
in  the  glaze  or  the  making  of  the  fritt,  but  in  this  line  of 
experiments  a  uniform  method  was  used  to  get  exact  com- 
parison of  the  peculiar  action  of  the  RO  elements  when  in 
combination  with  oxide  copper. 

The  deductions  to  be  derived  from  this  line  of  experi- 
ments are  such  as  to  excite  the  desire  for  a  further  investi- 
gation, and  makes  me  hesitate  to  place  before  you  what  I 
consider  is  incomplete ;  and  in  doing  so,  I  sincerely  hope  my 
results  will  be  the  means  of  starting  some  one  on  a  similar 
and  more  complete  analysis  of  the  development  of  greens 
from  cupric  oxide.  I  have  not  had  the  time  to  verify  any 
of  these  experiments,  and  give  them  to  you  merely  as  first 
results. 

The  alumina  content  of  .20  equivalent  in  Nos.  1  to  97 
was  decided  upon,  after  several  preliminary  trials,  as  the 
best  content  for  this  investigation.  A  different  proportion 
might  have  changed  some  of  the  results,  producing  more 
satisfactory  glazes,  but  without  giving  the  same  com- 
parison. 

Prom  these  experiments,  the  indications  are  that  CaO 
can  be  used  in  any  quantity  found  necessary  in  producing  a 
satisfactory  glaze,  without  affecting  the  color  produced  from 
copper.  But  with  the  introduction  of  K3O,  the  color  is 
changed  to  a  yellowish  tint ;  and  and  when  in  combination 
with  either  NajO  or  PbO,  the  KjO  can  not  exceed  .15  equiv- 
alent without  affecting  the  color;  but  ZnO  controls  the 
green  color  when  content  of  KjO  is  as  high  as. 30  equiva- 
lent: the  color  becomes  very  much  deeper  as  the  KjO 
decreases  and  the  ZnO  is  increased.     This  same  effect  of 
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deepening  the  color  is  produced  when  ZnO  is  combined  with 
Na20,  but  with  an  entire  change  of  color. 

The  same  can  be  said  of  the  zinc-barium  glaze,  the 
color  getting  stronger  when  the  ZnO  is  increased  to  .30 
equivalents  and  BaO  decreased  to  .16  equivalents.  BaO  is 
more  fusible  when  in  combination  with  ZnO  than  with 
Na20,  producing  a  better  working  glaze.  The  barium-zinc 
glaze  has  decidedly  a  blue  shade  when  combined  with  either 
NaaO  or  KjO,  but  with  PbO  has  more  of  a  chrome  green 
color.  BaO  when  with  .  16  equivalents  of  MgO  produces  a 
color  very  diflferent  from  that  produced  with  PbO. 

ZnO  when  in  combination  with  either  K^O  or  NagO 
and  not  exceeding  .16  equivalents  gives  a  light  clear  glaze 
leaning  to  the  blue ;  but  when  the  ZnO  is  increased  to  .30 
equivalents,  and  the  CaO  reduced  to  .30  equivalents,  the 
one  with  K2O  produces  a  lighter  shade^  decidedly  blue  and 
opaque ;  while  the  one  with  NagO  changes  color  more  to  the 
brown,  but  gives  a  clear  glaze. 

ZnO  has  a  very  decided  action  in  producing  colors  in 
both  clear  and  matt  glazes ;  .15  equivalent  shows  a  more 
marked  e£fect  than  .15  of  any  of  the  other  bases.  ZnO  can  be 
used  to  advantage  with  all  basic  oxides,  making  the  color 
more  brilliant  when  in  combination  with  PbO,  and  giving 
most  beautiful  and  varied  shades  from  copper  when  in  other 
combinations.  I  am  not  prepared  to  say  conclusively  that 
ZnO  has  a  strong  tendency  to  excite  the  fluxing  with  cupric 
oxide,  but  every  indication  points  to  such  action. 

.30  equivalent  of  PbO  when  in  combination  with  .46 
equivalents  of  CaO  and  .  16  equivalents  of  one  of  the  other 
bases,  controls  completely  the  color,  producing  a  clear  deep 
green;  but  loses  this  effect  when  reduced  to  .15  equival- 
ents :  with  the  reduction  of  the  CaO  to  .30  equivalents,  the 
PbO  does  not  have  the  same  power,  the  color  being  modified 
according  to  the  other  base  introduced. 

j^eplacement  of  CaO  with  MgO  retards  fusion,  without 
chaining  the  color,  except  in  the  one  with  PbO,  which  is  a 
very  much  lighter  shade  of  green ;  and  more  of  a  gray-green 
when  the  MgO  is  increased. 

With  the  introduction  of  boric  acid,  replacing  equiva- 
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lent  contents  of  silica,  we  have  a  line  of  colors  showing  but 
slight  changes,  the  largest  B2O8  content  being  a  little 
lighter  but  more  brilliant  green ;  while  the  SiOa  content 
in  all  proportions  seem  to  give  about  the  same  shade ;  but 
with  alumina  the  content  must  be  kept  down  to  secure  a 
pure  green  color. 

In  summing  up  the  facts  demonstrated  from  these  ex- 
periments, Si02  and  B2O8  can  be  used  in  any  desired  con- 
tent, while  AI9O3  should  not  exceed  .25  equivalents,  unless 
the  shade  of  green  desired  is  to  be  of  yellow  tint ;  while  in 
the  RO  elements,  not  over  .30  equivalents  should  be  used  of 
any  one  base  for  best  eflFects. 

I  have  endeavored  to  deduce  something  from  these  ex- 
periments that  will  prove  interesting  and  of  advantage,  but 
fully  realize  my  lack  of  descriptive  power  to  convey  intelli- 
gently to  you  the  color  changes.  I  am  fully  convinced 
there  is  but  on  way  for  you  to  get  any  real  benefit  from  this 
paper,  and  that  is  for  you  to  make  a  similar  line  of  ex- 
periments, and  I  certainly  cannot  urge  you  too  strongly  to 
do  so,  assuring  you  that  the  labor  connected  therewith  will 
be  fully  repaid  by  the  interesting  study  you  will  have  when 
completed. 


Note  by  the  Editor:— The  effort  has  been  made  in  the  fol- 
lowing pages  to  reproduce  the  color  series  which  Mr.  Walker 
exhibited  while  reading  his  paper.  The  effort  has  been  only  partly 
snccessf  ul,  as  it  only  shows  the  color  effects  by  variations  of  shade, 
and  cannot  bring  out  the  marvelous  differences  of  quality  of  color. 
However,  the  plates  in  connection  with  the  descriptive  text  will 
help  the  careful  student  to  gain  some  impressions  which  would 
otherwise  be  wholly  lost. 
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Series  Fired  at  Cone  2. 


1.     Composition.    0.10  CuO  0.45  CaO  0.45  K,0,  0.20  Al^O,  1.60  SiO*. 

An  imperfectly  fused,  matt  glaze,  with  signs  of  glossy  surface 
around  edges.  Not  fluid  enough  to  heal  over  the  defects  formed 
during  shrinkage.  Color,  dirty  yellowish-green  around  edges, 
which  show  dark  in  the  cut.  In  the  center,  the  color  shades  into 
a  steel  gray,  which  reflects  light  and  appears  lighter  in  the  cut. 
No  promise  for  any  practical  purpose. 


2.     Composition.    0.10  CuO  0.45  CaO  0.46  Na,0,  0.20  Al.O,  1.60  SiO,. 

A  much  better  fused  glaze,  smooth  to  the  touch.  It  is  not  a 
good  matt,  but  is  equally  removed  from  a  glossy  surface.  Shows 
few  lines,  indicating  where  shrinkage  cracks  formed  and  subse- 
sequently  mended.  Color,  apple-green  around  edges,  which 
show  dark  in  cut,  but  shading  into  a  dark  grayish-black  color 
in  center,  which  appears  lighter  in  the  cut     Not  attractive. 


3.     ComposiHon.    0.10  CuO  0.45  CaO  0.46  PbO,  0.20  AljO,  1.60  810,. 

A  brilliant  perfectly  fused  glaze  of  high  finish.  A  few  smal 
blotches  of  some  undissolved  matter,  seen  faintly  in  the  upper 
left-hand  corner  of  the  cut.  Color,  a  brilliant  clear  copper- 
green,  apparently  equally  removed  from  the  blue  or  yellow 
tintf>.  Contrast  is  due  to  the  difference  in  depth  of  glaze,  which 
makes  the  color  very  dense  in  left-hand  upper  corner.  Could 
be  used,  as  far  as  color  or  surface  is  concerned,  for  any  purpose. 


4.     Composition.    0.10  CuO  0.45  CaO  0.45  ZuO,   020  A1,0,  1.60  SiO, 

A  semi-crystalline  matt,  whose  imperfectly  obliterated  shrink- 
age lines  form  a  rather  coarse  net  work,  giving  a  peculiar  and 
rather  pleasing  curdy  appearance.  Surface  feels  much  less 
smooth  than  No.  2  and  smoother  than  No.  1.  Color  is  an  opaque 
blue-green,  almost  of  the  tint  known  as  '^  robin's  egg*'  blue.  A 
glaze  which  invites  further  development. 


«*MB^ 


6.     ComposUion.    0.10  CuO  0.45  CaO  0.45  ZuO,  0.20  AlaO,  160  8iO|. 

An  imperfectly  fused  iglaze,  which  has  not  flowed  enough  to 
cover  all  of  its  shrinkage  cracks,  though  it  has  covered  some. 
Hurface  is  matt^  mostly,  but  in  a  few  patches,  especially  on  left 
hand  end>  the  scum  breaks  away  d«nd  exposes  a  glossy  surface. 
The  scum  or  matt  surface  gives  this  tile  a  grayish-green  cast, 
whicli  appears  clear  and  darker  in  color  where  the  filtn  is  broken 
away.    Not  a  workable  glaze  at  present; 
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Series  Mred  at  Cone  02, 
0.20  AljsOa,  1.60  SiOjj  throughout  series. 


24.     Composition.    0  10  (UiO  0.46  CaO  0  80  BaO,  0.15  K^O. 

A  crackled,  shrunken  mass,  just  beginning  to  soften  and  round 
off  the  edges  and  corners.  Color,  light  bluish-green  around 
edges  of  tile,  but  a  strong  dark  chrome  green  in  all  the  central 
portion  of  tile. 


23.     Composition.    0.10  CuO  0.4B  CaO  0.30  BaO,  0.15  Na^O. 

A  much  dryer,  less  vitreous  mass  than  24,  cracks  numerous 
and  edges  sharp.  Would  not  have  fused  for  a  ii umber  of  cones 
higher.  Color  faded  out  to  a  light  blue  around  edges.  In  central 
portion,  the  color  is  a  dark  neutral  tint,  or  slate  blue,  with  a 
slightly  purplish  cast.  No  likelihood  of  this  glaze  becoming 
useful 


22      a^mposition.    O.lO  CuO  0.45  CaO  0  80  PaO,  0.15  PbO. 

A  still  less  fused  mass,  shrunken  and  vitrified  and  crossed  by 
numerous  deep,  sharp  edged  cnicks.  Volatilization  htis  bleached 
edges  to  a  clear  light  blue-green,  but  center  is  a  much  darker 
shade  of  the  same  color,  not  unlike  No.  28,  but  bluer.  No 
utility.  This  slab  is  remarkable,  iu  view  of  the  high  fluxing 
value  of  lead  and  Its  small  effect  here,  compared  to  fluxes 
which  are  elsewhere  less  active. 


25.     ComposUifm,    0.10  CuO  0.45  CaO  0.30  BaO,  0.1  o  ZnO. 

A  smooth,  satin-finish  mass,  imperfectly  fluid,  not  wholly 
obliterating  the  shrinkage  cracks,  through  which  the  body 
sometimes  shows.  Texture  wonderfully  fine.  Color,  a  beautiful 
dark  chrome-green  enamel,  marked  w^ith  black  lines  where 
cracks  have  been  healed  over.  If  a  little  more  fluid,  so  as  to 
cover  the  body  wholly,  this  would  make  a  fascinating  surface 
finish  for  art  ware. 


26      Composition.    0.10  CuO  0.45  CaO  0.30  BaO,  0.15  MgO. 

A  dry,  imperfectly  vitrified  substance,  shrunken  and  cracked 
through  to  the  body,  and  \\\th  edges  sharp  and  rolled  upwards 
somewhat.  Color,  light  blue-green  or  robin's-egg  blue.  The 
absence  of  green  in  this  color.makes  the  cut  show  licrht  in  tone. 
No  signs  of  probable  utility. 
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Series  Fired  cU  Gone  2. 
0.20  AljOg  1.60  SiOj  throughout  Series. 


37.  Cofnpontion,    0.10  CuO  0  30  CaO  0.30  KjO  0.30   NaaO. 

Fairly  well  fused,  obliterating  all  shrinkage  cracks.  Covered 
with  a  whitish  crystalline  scum,  which  destroys  the  color 
of  the  glaze  and  makes  it  appear  gray  in  cut.  Around  edges, 
the  color  is  an  opaque  green  with  a  somewhat  bluish  tint. 
No  utility. 


3S.  CompottUion,    I.IO  CuO  0.30  CaO  OM  KjO  0.30  PbO. 

A  brilliant  glossy  surface,  disfigured  by  crystalline  segre- 
gations on  right  hand  lower  comer.  Oily  spots  or  drops  in 
the  glaze,  give  it  a  dappled  effect  by  reflected  light.  This  does 
not  show  in  the  cut.  Color,  a  pure  dark  green,  like  No.  3.  Differ- 
ence in  tint  in  cut  due  to  drainage  and  thicker  glaze  at  those 
points.    This  glaze  is  feasible  for  use,  but  not  as  good  as  No.  3. 


39.  Composition,    0.10  CuO  030  CaO  0.30  KgO  0.30  BaO. 

A  shrunken,  crackled  mass,  in  which  the  edges  have  fused 
and  rounded  and  the  cracks  healed  over  in  part.  Color  is 
rather  dull  dark  bluish-green,  not  dissimilar  to  No.  4,  which  is 
similar  in  composition.  Glaze  not  valuable  in  its  present  shape, 
but  offers  a  good  lead  for  investigation. 


40.  GomposUion,    0.10  CuO  0.30  CaO  0.30  Kj.0  0.30  ZnO. 

A  smooth,  briliant,  glossy  glaze,  whose  surface  shows  only 
slight  defects  in  reflected  light.  Color  is  very  remarkable. 
Around  edges,  pale  transparent  apple-preen,  showing  dark  in  cut. 
Then  comes  a  border,  one-quartpr  inch  wide,  of  bright  azure  blue, 
semi-transparent  and  contain  fibrous  suspended  matter,  which 
can  be  seen  in  cut-  The  center  is  a  uniform  opaque  blue-green 
or  **  robin's  egg  blue."  The  color  seems  accidental,  and  if  it 
could  be  duplicated  might  be  useful. 


41.  GomposUion.    0.10  CuO  0.30  CaO  0.30  K3O  0.30  Mgo  0.20. 

A    gray    slightly  Jgreenish    unfused    and    rough  surface  with 
wide  shrinkage  cracks-    No  utility. 
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Series  Fired  at  Cone  2. 


Formula 


0.10  CiiO 

0  30('aO 

0  loK.O  >a:  AI2O,. 

O.JiuCaO   I 

0.15  ZnO  J 


1.60  810, 


1.9.     A1,0,  =0.10 
A  fine  brillhiiit  copper-grefii 
glaze,    perfHctly    traiiRparent 
and  free  from  blemishes,  ex- 
cept slijfhtumUssolved  matter 

along  lower  edge. 


130.     Al,O»=0.16 
Same  as  above,  without  the 
undissolved  matter. 


131      Al,O3  =  0.J0 


Darker.yellower green.  Glaze 
was  probably  dipped  heavier 
than  preceding,  but  color  is 
also  different. 


132.    Al,O,=0.25 
About  like  181,  only  the  glaze 
has  drained    to   lower  edge, 
perfectly  transparent. 


136.  Al,O5=0.46 
A  paler  green  than  any.  Dap- 
ple marks  very  fine  indeed. 
Glaze  is  still  smooth  and  per- 
fect for  a  matt,  but  the  marks 
of  recently  healed  shrinkage 
cracks  show  that  the  glaze  is 
near  its  workable  limit. 


135.  Al,O8=0  40 
A  somewhat  lighter  colored 
but  equally  beautiful  matt 
glaze,  very  soft  and  silky  in 
texture.  Dapple  marks  are 
much  finer,  but  still  distin- 
guished in  cut.  As  good  as 
134  for  UHP. 


134.  A1,0,  =0.36 
A  beautiful  matt  glaze.smooth 
as  silk,  with  a  delicate  whit- 
ish dapple  mark.  This  glaze 
is  very  promising  for  general 
matt  purposes. 


133.  A1,0,  =0.30 
A  yellower  green, semi-opaque 
and  with  a  good  deal  of  a 
whitish  segregation  around 
edges  and  left  hand  end.  The 
surface  still  bright  shows 
dark  in  the  cut. 


1 


1^ 


A 


An^  \U-'i^ 


TRANSACTIONS 


OF  THE 


American  Ceramic  Society 


VOL.  V. 


Containing  the  Papers  and  Discussions  of  the 

Fifth  Annual  Meeting  held  at  Boston, 

Mass*,  February  2d  to  4th,  1903. 


PubUshed  by  the  Society 
SECRETARY'S  OFFICE       COLUMBUS,  OHIO 

July  20, 1903 


} 


TRANSACTIONS 


OF  THE 


American  Ceramic  Society 


OONTAINING  THE  PAPBBS  AND  DISCUSSIONS 


OF  THE 


FIFTH  ANNUAL  MEETING 


HELD  AT 

BOSTON,  MASS. 

FEB'Y  2-4,  1908 


The  Society  Is  not*  mB  ao  orgaiilzatloii»  responsible 
for  the  ststements  of  fact  or  opinion  expressed 
in  its  papers  and  discussions. 


Vc^L  s 


PUBLISMKD  BY  THB  SOCIBTY 

SECRETARY'S  OFFICE  COLUMBUS.  OHIO 

July  20, 1908 


ComuGHT  July,  1908,  by  Edwasd  Oston,  Js.    All  Rights  Rbsbkvbd. 


A/vc_    \7^-5,iG 


Pbsss  of  Hann  a  Adaib, 

106  N.  High  Bt. 

Oolnmbus. 


AMERIOAN  OBBAMIO  BOCIBTT. 


CONTENTS* 


Page 
Officers  of  the  tiociety  for  the  year  1908 , 7 

Membership  of  the  Society 8 

Bnles 16 

Pablicatlons  of  the  Society 19 

Preface  to  Vol.  V 20 

PAPERS. 

1.  The  Elimination  of  Hand  Labor  in  Brick  Making 21 

By  J.  Pabkbb  K  Fiskb,  B.  S.,  Boston,  Mass. 

2.  The  DeTelopment  of  the  ''Matt"  Glaze  60 

By  Pbof.  Chablbs  F.  Binnb,  M.  So.,  Alfred,  N.  Y. 

8.    Death  Valley,  California,  and  its  Borax  Industry 64 

By  Pbop.  Edwabd  Hajit,  Ph.  D.,  Easton,  Pa. 

4.    Becent  Investigations  in  Portland  Cement 74 

By  Albebt  V.  Bleixingeb,  B.  So.,  Columbus,  O. 

6.    Note  on  Vapor  Glazing 105 

By  L.  E.  Babbingeb,  E.  M.  (in  Cbb.)  Schenectady,  N. Y. 

6.  Underglaze  Ceramic  Colors 116 

By  Edwabd  C.  Stoveb,  Trenton,  N.  J. 

7.  The  New  Department  of  Clayworking  and  Ceramics  at  But- 

ger's  College 122 

By  Pbof.  C.  W.  Pabmelee,  B.  So.,  New  Brunswick  N.  J. 

8.  The  Influence  of  Magnesia  on  Clay 180 

By  Adolph  F.  Hottingeb,  Chicago,  111. 

9.  Further  Studies  on  the  White  Bristol  Glaze 186 

By  Ross  C.  Pubdy,  Columbus,  O. 

10.  Further  Contributions  to  the  Manufacture  of  Artificial  Sand 

Stone  or  Sand  Brick 168 

By  Samuel  V.Pbppel,  B.  So.,  Columbus,  O. 

11.  The  Formation  Temperatures  of  Certain  Slag  Silicates 226 

By  Pbof.  H.  O.  Hofman,  Ph.  D.,  Boston,  Mass. 

12.  Discussion  on  ''  The  Structure  of  Silicate  Mixtures  ". 282 

By  Albebt  V.  Bleininobb,  B.  So.,  Columbus,  O. 


6  AMSBIOAN  CKBAMIC  BOOIETT. 

13.  The  Work  of  the  Ceramic  Engineer  in  the  Brick  Making 

Industry 287 

By  Willabd  D.  Biohabdson,  A.  M.,  Ck)Iambus,  O. 

14.  Discussion  on  ''  The  Constitution  of  Chrome-Tin  Pink." 

By  Owsn  Cabtbb,  Poole,  JEngland 242 

By  Otto  Hbnsbl,  New  Lexington,  O —  246 

By  Bosb  C.  Pubdy,  Columbus,  O 249 

16.    A  Method  for  Making  £nameled  Brick 266 

By  L.  E.  Babbingeb,  E.  M.  (inCbb.)  Schenectady,  N.  Y. 

16.  The  Grinding  of  Flint  and  Spar 281 

By  Pbop.  Chablbs  F.  Binns,  M.  Sc,  Alfred,  N.  Y. 

17.  Note  on  the  Fine  Grinding  of  Glazes  298 

By  Owbn  Cabtbb,  Poole,  England. 

18.  The  Effect  of  Fine  Grinding  in  the  Manufacture  of  Bedford 

Shale  by  the  Dry  and  Plastic  Processes 296 

By  W.  G.  Wobcbstbb,  Parkersburg,  W.  Va. 

19.  On  the  Production  of  an  Easily  Fusible  Glass  Without  the 

Use  of  Lead  or  Boracic  Acid 806 

By  Pbof.  Edwabd  Obton.  Jb.,  E.  M.,  Columbus,  O. 

20.  The  Coefficient  of  Expansion  of  Silica 840 

By  Stanley  G.  Bubt,  Cincinnati,  O. 

21.  The  Construction  and  Equipment  of  a  White  Ware  Pottery. .  847 

By  Abthub  S.  Watts.  New  Lexington,  O. 

22.  Improvements  in  Apparatus  for  Clay  Analysis 366 

By  E.  S.  Babcock,  M.  So.,  and  Chablbs  F.  Binns,  M.  Sc., 

Alfred,  N.  Y. 

28.    Bacteria  in  Clay  Mixtures 868 

By  Edwabd  C.  Stoveb,  Trenton,  N.  J. 

24.    Discussion  on  the  Fluxing  Power  of  Mica 802 

By  Pbof.  Hbinbioh  Btes,  Ph.  D.,  Ithaca,  N.  Y. 

26.    A  Graphic  Method  of  Showing  Loss  of  Water  in  Clay  Burn- 
ing  864 

By  William  H.  Gobslinb,  Rochester,  N.  Y. 

Discussion  by  Pbop.  Edwabd  Obton,  Jb.,  E.  M 868 

26.  Mechanical  Work  in  the  Ceramic  Industry 378 

By  Ebnrst  Mayeb,  Beaver  Falls,  Pa. 

27.  The  Role  Played  by  Iron  in  the  Burning  of  Clays 877 

By  Pbop.  Edwabd  Obton,  Jb.,  E.  M.,  Columbus,  O, 


AMBBIOAN  CERAMIC  SOCIETY 


OFFICERS 

FOB  THE  TEAR  ENDING  FlfBRUART,  1901. 


PRESIDENT, 


EDWARD  C.  STOVER, 


Trenton,  N.  J. 


VICE  PRESIDENT, 


HEINRICH  RIES,  Ph.  D., 


Ithaca,  N.  Y. 


SECRETARY, 


EDWARD  ORTON,  Jr.,  E.  M., 


Ck>liimbus,  G. 


TREASURER, 


STANLEY  G.  BURT, 


Cinoinnati,  O. 


MANAQBRS, 

ALBERT  V.  BLEININGER,  B.  So., 

Term  Expires,  1904. 


Columbus,  O. 


ADOLPH  F.  HOTTINGER,       - 

Term  Expires,  1M(. 


Chicago,  nis. 


ELMER  E.  GORTON, 


New  York,  N.  Y. 


Term  Expires,  1906. 


8  AMEBIOAN  OBBAMIC  80CISTT. 


HONORARY  MEMBERS. 

Mrs.  Maria  Lonqwobth  Stobeb. 

(Mrs.  Bellamy  Storer) 

Cinoinnati,  Ohio. 


AXBBIOAN  OBBAMIO  800IXTT. 


9 


MEMBERS. 


BiNKS,  ChABUBB  F., 
Alfred,  N.  Y. 

Bleininoeb,  Ausebt  v.,  B.  6c., 

Columbtti,  Ohio. 

Burt,  Rtabtlby  G., 

Cincinnati,  Ohio. 

Cannan,  WiiiiiiJAM,  Jr., 

Syracuse,  N.  Y. 

FiCKES,  WAIiTBR  M.,  E.  M., 

Carnegie,  Pa. 

F18KB,  J.  Pabkeb,  B.  S., 

Boston,  Mass. 

Gates,  WiiiLiAM  D., 

Chicago,  111. 

Gbubbeek,  Samuel, 

4S8S  Finney  Ave.,  St«  Louis,  Mo. 

Gorton,  Elmer  E., 

7-E  4Snd  St.,  N.  Y. 

Hart,  Edward,  Ph.  D., 

Baston,  Pa. 

HOTTINOBB,  ADOLPH  F., 

Chicago,  111. 

Langenbeck,  Kabl, 

Matawan,  N.  J. 

LovEJOY,  Ellis,  E.  M., 

New  Lexington,  Ohio. 

IfAYER,  EBNBST, 

BeaTer  Falls,  Pa. 

OoLB,  Earl,  McK., 

Indianapolis,  Ind. 

Obton,  Edward,  Jr.,  E.  M., 

Columbus,  Ohio. 

Pass,  James, 

Syracuse,  N.  Y. 


Director  New  York  State  School 
of  dayworking  and  Ceramics. 

Instructor  in  Ceramics,  Ohio  State 
University. 

Rookwood  Pottery  Company. 

Onondaga  Pottery  Company. 

Manager,  Rossiyn  Brick  Company. 

Fiske  Brick  Company,  Dover 
Point,  N.  H. 

American   Terra  Cotta  and  Cer- 
amic Company. 

Winkle  Terra  Cotta  Company. 

Gen'l  Mgr,  W.  A.  Underbill  Brick 
Company. 

Professor  of  Chemistry,  Lafayette 
College. 

Northwestern  Terra  Cotta  Co. 

Mosaic  Tile  Company. 

Imperial  day  Company. 

Mayer  Pottery  Company. 

United     States    Encaustic    Tile 
Works. 

Director,  Department  of  Ceramics, 
Ohio  State  University. 

Onondaga  Pottery  Company. 


10 


▲HEBICAN  CBBAiaC  SOCIETY. 


PsppBL,  Samuel  Vernon, 

Louisville.  Ky. 

PuBDT,  Robs  C, 

Colurabui,  Ohio. 

BlOHABDSON,  WiLLABD  D., 

The  Ruggery  Bld'g,  Columbus,  Ohio. 

RiEB,  Heinbich,Ph.  D., 

Ithaca,  N.  Y. 

Stover,  Edwabd  C, 

Trenton,  N.  J. 

Walkeb,  Fbancis  W., 

Beaver  Falls.  Pa. 

Watts,  Abthub  S., 

New  Lexington,  Ohio. 

Wheeler,  Herbert,  A.,E.  M., 

Su  Louis,  Mo. 

ZiMMER,  William  H.,  Ph.  D., 

Cobui^,  Germany. 


Editorial  Staff,  '*Rock  Products ." 

AjBsistant  in  Ceramics,  Ohio  State 
University. 

Ck>nBalting  Engineer  to  the  Brick 
Indostry. 

Associate  Professor  of  Economic 
Geology,  Cornell  University. 
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RULES. 


OBJBOTS. 

The  objects  of  the  American  Ceramic  Society  are  to  promote  the 
arts  and  scienoeB  connected  with  Ceramics  by  means  of  meetings  for 
social  intercourse,  for  the  reading  and  discussion  of  professional 
papers,  and  for  the  publication  of  professional  literature. 

MBMBBRSHIP. 

The  Society  shall  consist  of  Honorary  Members,  Members  and 
Associates. 

Honorary  Members  must  be  persons  of  acknowledged  profes- 
sional eminence,  and  shall  not  exceed  five  in  number. 

Members  shall  be  persons  competent  to  fill  responsible  positions 
in  Ceramics  and  have  suitable  qualifications. 

Associates  shall  include  persons  interested  in  Ceramics  and  the 
allied  arts. 

Honorary  Members  shall  be  proposed  by  at  least  five  Members, 
approved  by  the  Council,  and  receive  at  least  90  per  cent,  of  the  votes 
cast  by  letter  ballot  at  the  annual  meeting. 

Members  and  Associates  shall  be  proposed  by  at  least  three 
Members  or  Associates,  approved  by  the  Council,  and  receive  at 
least  75  per  cent,  of  the  votes  cast  by  letter  ballot  A  candidate  for 
admission  must  make  application  on  a  form  prepared  by  the  Council 
which  shall  contain  a  written  statement  of  his  age,  professional  ex- 
perience, and  that  he  will,  if  elected,  conform  to  the  laws,  rules,  and 
requirements  of  the  Society. 

All  Honorary  Members,  Members  and  Associates  shall  be  equally 
entitled  to  the  privileges  of  membership,  except  that  only  Members 
shall  be  entitled  to  hold  office  and  to  vote.  Applicants  for  a  change 
in  grade  of  membership  shall  conform  to  the  requirements  of  a 
new  applicant. 

Any  person  can  be  stricken  from  the  membership  of  the  Society 
on  the  request  of  five  or  more  Members,  on  the  reconuneudation  of 
a  majority  of  the  Council,  if  he  fails  to  resign  on  the  advice  of  the 
Council.  Such  person,  however,  shall  first  be  notified  of  the  charges 
against  him,  and  be  given  a  reasonable  time  to  appear  before  the 
Council,  or  present  written  defense,  before  final  action  is  taken  by 
the  Council. 


▲MBRI0AI7  OBBAiaC  SOOIBTY.  17 

DUBS. 

Honorary  Members  shall  be  exempt  from  all  dues. 

The  initiation  fee  of  Members  shall  be  ten  dollars,  and  of  Associ- 
ates five  dollars,  which  if  not  paid  within  six  months  after  election, 
will  render  the  election  void. 

The  annual  dues  for  Members  will  be  fixed  by  the  Council,  but 
shall  not  exceed  five  dollars  per  year. 

The  annual  dues  for  Associates  will  be  fixed  by  the  Council,  but 
shall  not  exceed  four  dollars  per  year. 

Any  Member  or  Associate  in  arrears  for  over  one  year  may 
be  suspended  from  membership  by  the  Council  until  such  arrears 
are  paid. 

OFFICBBS. 

The  affairs  of  the  Society  shall  be  managed  by  a  Council,  consist- 
ing of  a  President,  Vice  President,  Secretary,  Treasurer,  and  three 
Managers,  who  shall  be  elected  from  the  members  at  the  annual 
meeting,  and  hold  office  until  the  adjournment  of  the  meeting  at 
which  their  successors  are  elected. 

The  President,  Vice  President,  Secretary  and  Treasurer  shall  be 
elected  for  one  year,  and  the  Managers  for  three  years ;  and  no  Presi- 
dent, Vice  President,  or  Manager  shall  be  eligible  for  immediate  re- 
election to  the  same  office. 

The  duties  of  all  officers  shall  be  such  as  usually  appertain  to 
their  offices,  or  may  be  delegated  to  them  by  the  Council  or  the 
Society ;  and  the  Council  may  at  its  discretion  require  bonds  to  be 
furnished  by  the  Treasurer. 

Vacancies  in  any  office  shall  be  filled  by  appointment  by  the 
Council,  but  the  new  incumbent  shall  not  thereby  be  rendered  ineli- 
gible to  re-election  at  the  next  annual  meeting  to  the  same  office. 
On  the  failure  of  any  officers  to  execute  his  duties  within  a  reason- 
able time,  the  Council,  after  duly  warning  such  officer,  may  declare 
the  office  vacant,  and  appoint  a  new  incumbent. 

A  majority  of  the  Council  shall  constitute  a  quorum;  but  the 
Council  shall  be  permitted  to  carry  on  such  business  as  it  may 
desire  by  letter. 

BliBCTIONB. 

At  the  annual  meeting,  a  nominating  committee  of  five  Mem- 
bers, not  officers  of  the  Society,  shall  be  appointed,  and  this  com- 
mittee shall  send  the  names  of  nominees  to  the  Secretary  at  least  60 
days  before  the  annual  meeting,  who  shall  immediately  forward  the 
same  to  the  Members.  Any  other  five  members  may  also  present 
the  names  of  any  candidates  to  the  Secretary,  provided  it  is  done  at 
least  80  days  before  the  annual  meeting.  The  names  of  all  candi- 
dates, provided  their  assent  has  been  obtained,  shall  be  placed  on 
the  ballot  without  distinction  as  to  nomination  by  the  regular  or  an 
independent  nominating  committee,  which  shall  be  mailed  to  every 
member,  not  in  arrears,  at  least  20  days  before  the  annual  meeting. 
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The  ballot  shall  be  inclosed  in  an  inner  blank  envelope,  and  the 
outer  envelope  shall  be  endorsed  by  the  voter,  and  mailed  to  the 
Secretary  for  collection.  The  blank  envelopes  shall  be  opened  by 
three  Scrutineers  appointed  by  the  Chair  at  the  annual  meeting,  who 
will  report  the  result  of  the  election.  A  plurality  of  the  votes  cast 
shall  elect. 

MEETINGS. 

The  annual  meetings  shall  take  place  at  such  time  and  place  as 
the  Council  may  decide,  at  which  time  reports  shall  be  made  by  the 
Council,  Treasurer,  and  Scrutineers  of  election,  and  the  accounts  of 
the  Treasurer,  audited  by  a  committee  of  three  appointed  by  the 
Chair. 

Other  meetings  may  be  held  at  such  times  and  places  during  the 
year  as  the  Council  may  decide,  but  at  least  20  days*  notice  shall  be 
given  of  such  meetings. 

Seven  Members  shall  constitute  a  quorum  at  any  regular  meet- 
ing, and  a  majority  shall  rule,  except  where  otherwise  specified. 

The  order  of  business  at  the  annual  meeting  shall  be: — 

1.  Beading  of  Minutes  of  last  meeting. 

2.  Reports  of  the  Council  and  Treasurer  of  the  Society. 

3.  Announcement  of  Election  of  Members. 

4.  Announcement  of  the  Election  of  Officers. 
6.    Appointment  of  Nominating  Committee. 

6.  Old  Business. 

7.  New  Business. 

8.  Beading  of  Papers. 

PUBLICATIONS. 

The  Council  shall  act  as  a  Publication  Committee,  and  decide  as 
to  what  to  publish.  The  publications  of  the  Society  shall  be  sent. to 
all  Members  and  Associates  not  in  arrears  The  Secretary  i  1 
furnish  each  author  with  reprints  of  his  papers  at  cost  price/). '6- 
vided  due  notice  is  given  that  reprints  are  desired.  _'    fJ 

The  Society  is  not,  as  a  body,  responsible  for  the  statem^iiti  or 
opinions  expressed  in  its  publications. 

PABLIAMENTABY  STANDARD. 

Boberts*  ^*  Bules  of  Order  ^'  shall  be  the  parliamentary  standard 
on  all  points  not  covered  by  these  rules. 

AMENDMENTS. 

These  rules  may  be  amended  at  any  regular  meeting  by  a  two- 
thirds  vote  of  a  letter  ballot  at  the  subsequent  annual  meeting  pro- 
vided a  written  notice  of  such  proposed  change  is  sent  to  each  Mem- 
ber at  least  30  days  before  said  annual  meeting.  Said  proposed 
amendments  shall  be  printed  on  the  ballot  for  officers  and  counted 
by  the  same  Scrutineers. 
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PUBUCATIONS- 


The  pablications  of  the  Society  are  as  follows: 


DE8CBIFTI0N  OF  VOLUME. 

Price  to 
Members. 

Price  to 
Otiiert. 

Vol.  I.       Transactions  for  1899,  110  pages, 
bound  in  paper. 

10.50 

14.00 

Vol.  IT.      Transactions  for  1900,  278  pages, 
bound  in  paper, 

2.00 

4.00 

Vol.  lU.    Transactions  for  1901,  230  pages, 
bound  in  paper, 

1.00 

4.00 

Vol.  IV.     Transactions  for  1902,  80Q  pages, 
bound  in  paper. 

1.60 

4.00 

VoL  V.      Transactions  for  1903,  420  pages, 
bound  in  paper, 

2.00 

400 

Manual  of  Ceramic  Calculation  (contained 
in  Vol.  II  as  a  part  thereof,)  8<S  pages, 
bound  in  paper, 

1.00 

1.00 

The   Collected  Writings  of    Dr.   Hermann 
August  Seger,  Volume  I.    Contains  (A) 
Treatises  of  a  general  scientific  nature, 
(B)  Essays  relating  to  Brick  and  Terra 
t    *»,  Earthenware  and  Stoneware,  and 
i     factory   War«*s.    Pages,  552.    Bound 
c*o*" 

7.50 

7.60 

The  Cox^ected  Writings    of    Dr.  Hermann 
August  Seger,  Volume  II.    Contains  (B) 
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aO  AMBBICAN  OBBAMIO  SOCIETY. 

PREFACE. 

The  following  pages  constitute  the  record  of  the  Society^s  fifth 
year  of  work.  The  meeting  at  Boston  was  the  most  largely  attended 
of  any  yet  held,  in  spite  of  the  location  being  so  far  from  the  center 
of  our  geographical  distribution.  Also,  the  programme  was  longer, 
and  more  fully  occupied  than  ever  before.  The  trips  and  visits  made 
by  the  Society  added  greatly  to  the  value  and  enjoyment  of  the 
meeting. 

The  policy  of  publishing  papers  not  yet  read,  or  read  by  title 
only,  has  been  continued  and  extended.  Half  of  the  present  volume 
is  of  this  sort,  and  some  of  the  ablest  papers  are  in  this  list.  Also, 
many  of  those  read  were  not  discussed  at  the  meeting  for  lack  of  time 
and  lack  of  preparation  of  the  members,  and  have  been  discussed  in 
writing  since. 

The  problem  immediately  before  the  Society  is  still  much  the 
same  as  one  year  ago.  We  need  to  diminish  the  time  spent  in  listen- 
ing to  the  reading  of  papers,  and  to  increase  the  time  spent  in  dis- 
cussing those  which  we  have  had  opportunity  to  read  and  study  in 
advance.  The  first  step  in  this  direction  was  taken  in  the  case  of 
Mr.  Fiske's  paper  this  year.  The  results  have  encouraged  the 
Ck>uncil  to  make  the  following  ofFer,  viz. :  Those  papers  sent  in  to 
the  Secretary  thirty  days  before  a  meeting  will  be  printed  and  dis- 
tributed in  advance,  to  be  used  as  a  basis  of  prepared  discussions. 
These  discussions  will  be  g^ven  the  preference  on  the  programme, 
other  things  being  equal,  over  papers  not  printed  in  advance. 

This  step,  it  is  confidently  believed,  will  do  much  to  strengthen 
the  work  of  the  society.  The  discussions  of  Mr.  Fiske^s  paper,  and 
also  Mr.  Hull's  paper  on  Chrome  Tin  Pink  may  be  taken  as  indica- 
tions of  what  may  be  expected. 

The  work  of  the  Society,  as  evidenced  by  the  volume,  shows  a 
progressively  broadening  scoi)e.  Not  only  is  the  quantity  greatly  in 
excess  of  previous  years,  but  also  the  variety  of  topics  treated  and 
the  amount  of  new  and  independent  research  is  equally  increased. 
The  field  of  the  hydrous  silicates  especially  has  been  greatly  devel- 
oped by  the  two  important  researches  now  published,  and  the  fields 
of  the  slag^  and  glasses  have  received  attention  in  our  literature  for 
the  first  time,  thus  leaving  no  large  field  of  silicate  technology 
wholly  untouched. 

It  is  a  pleasure  to  state  that  the  general  condition  of  the  Society, 
Judged  by  the  cruder  tests  of  increasing  membership,  broadening 
geographical  range,  and  financial  solvency,  is  most  excellent. 

EDWARD  ORTON,  Jb., 

Secretary. 
Columbus,  O.,  July  20, 1903. 


THE  ELIMINATION   OF    HAND    LABOR    IN    BRICK 

MAKING* 

BY 

J.  PAKKEB  B.  FISKE,  B.  8c.,  Boston,  Ma8& 

All  observing  persons  will  agree  that  the  manufacturing 
world  has  practically  been  revolutionized  within  the  last 
quarter  of  a  century  by  the  use  of  labor-saving  machinery., 
Hardly  a  class  of  manufacture  exists  that  has  not  felt  its 
magic  touch,  and  with  its  aid  the  United  States  has  become 
the  foremost  manufacturing  country  in  the  world.  A  man- 
ufacturer in  nearly  every  industry  who  should  return  to  the 
practice  of  even  ten  years  ago  in  preference  to  that  of  today, 
would  invite  failure  and  bankruptcy. 

This  is  the  age  of  machinery  —  automatic  machinery^, 
often  with  the  most  intricate  mechanism,  which  works  with 
marvelous  speed  and  accuracy,  and  which  accomplishes 
tasks  far  beyond  the  capability  of  the  human  hand,  both  in 
quality  and  quantity  of  product  manufactured.  As  a  result 
of  such  machinery,  the  cost  of  nearly  all  manufactured 
articles  has  been  enormously  reduced  and  the  consumption 
by  the  people  correspondingly  increased. 

It  is  the  purpose  of  this  paper  to  discuss  the  application 
of  machinery  to  the  art  of  brick  making,  with  a  view  to  the 
practical  elimination  of  hand  labor. 

Much  ingenious  and  useful  brick  machinery  has  already 
been  invented  and  is  in  daily  use  in  hundreds  of  plants ;  this 
is,  however,  largely  confined  to  the  preparation  and  handling 
of  the  clay  and  the  forming  of  the  soft  bricks.  This  ma- 
chinery has  been  perfected  to  such  a  point  that,  little 
improvement  is  needed  or  can  be  expected  in  future,  and 
the  same  remarks  are  doubtless  true  of  the  most  modem 
types  of  drying  and  burning  devices. 

No  successful  attempt  has  been  made,  however,  so  far 
as  I  am  aware,  to  eliminate  the  manual  labor  involved  in 
handling  the  bricks  from  the  brick  machine  through  the 
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various  processes  of  drying,  burning,  storing  and  delivery 
to  the  user,  and  inasmuch  as  this  labor  of  handling  con- 
stitutes a  large  part  ot  the  entire  labor  involved  in  the 
manufacture,  comparatively  little  saving  has  been  effected 
in  the  total  labor  cost. 

Certain  improvements,  such  as  the  various  car  and 
truck  systems,  have  come  into  use  to  a  large  extent,  but 
these  have  been  adopted  mainly  because  of  their  convenience 
and  adaptability  to  the  artificial  drier  rather  than  as  labor- 
saving  devices  pure  and  simple.  These  devices  must  still 
be  propelled  over  long  distances  by  man  power  and  the 
bricks,  even  under  the  most  favorable  conditions,  must 
undergo  repeated  handlings  in  setting  and  emptying  the 
kilns  and  in  loading  the  delivery  cars  or  wagons. 

The  number  of  hand  operations  in  modem  brick  making  j^ 

varies  greatly,  depending  upon  the  process,  whether  molded 
by  the  "soft  mud''  or  the  "stiff mud"  machines,  whether 
dried  on  the  open  yard  in  racks  or  in  artificial  driers,  and 
whether  burned  in  up  draft,  down  draft  or  continuous  kilns. 
It  is  fair  to  say,  however,  that  an  average  of  all  plants  would 
show  from  12  to  16  hand  or  man  power  operations,  from  the 
time  the  bricks  are  molded  until  they  are  loaded  on  the 
delivery  wagons. 

When  the  value  per  ton  of  the  finished  product  is  taken 
into  account,  this  amount  of  hand  labor  appears  excessive ; 
thus  a  ton  of  common  bricks  is  worth  on  the  average  say 
two  and  a  half  dollars  on  the  wagon  or  cars  at  the  plant, 
while  a  ton  of  steel  rails  at  twenty  dollars  has  excited  the 
wonder  of  the  whole  world.  Such  a  low  value  should 
involve  a  minimum  of  hand  labor  per  unit  of  weight,  yet  it 
is  doubtless  true  that  no  finished  product  in  the  world 
involves  so  much. 

In  short,  an  excessive  proportion  of  the  entire  cost  of 
brick  making  today  is  in  the  labor  item,  and  our  only  hope 
of  substantial  reduction  lies  in  the  minimizing  of  this  hand 
labor. 

The  prime  necessity  for  the  successful  use  of  automatic 
machinery  in  any  art  is  that  every  unit  of  manufacture  shall 
be  subjected  to  precisely  the    same  treatment;  and    this 
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condition  obtains  to  an  ideal  extent  in  the  art  of  brick 
making.  Thus,  particularly  in  the  case  of  common  bricks, 
every  piece  is  molded  or  pressed  exactly  like  its  mates,  and 
is  subjected  to  the  same  drying  and  burning  heats  and, 
theoreticall3%  when  finished  should  be  of  exactly  the  same 
size,  shape  and  texture. 

However,  a  careful  study  of  this  problem  will,  I  think, 
convince  anyone  that  no  great  improvement  can  be  made 
in  the  "summer  brickyard ; "  that  is,  one  in  which  the  drying 
is  done  by  sun  and  wind,  as  these  elements  are  intermittent 
in  their  action  and  are  so  uncertain  at  best  that  manufactur- 
ing can  be  conducted  not  over  one-third  of  the  total  number 
of  working  days  in  the  year.  It  is  also  important  for  the 
profitable  use  of  labor-saving  machinery  that  it  shall  be 
worked  systematically  and  continuously  in  order  that  it  may 
have  an  opportunity  to  earn  a  fair  interest  on  its  first  cost, 
which  is  necessarily  high.  To  make  any  radical  improve- 
ments, therefore,  the  "  open  yard  "  idea  must  be  abandoned 
and  a  permanent,  substantial  construction  must  be  adopted, 
with  the  best  possible  form  of  brick  molding  machinery, 
artificial  driers  and  fuel  saving  kilns,  specially  constructed 
to  suit  the  new  conditions  involved  in  the  use  of  automatic 
handling  machinery,  the  whole  plant  representing  a  compre- 
hensive scheme  complete  in  all  its  arrangements,  so  that  the 
raw  material  may  enter  at  one  end,  proceed  systematically 
through  the  various  processes  and  emerge  a  finished  product 
at  the  other,  practically  without  hand  labor. 

Having  perfected  such  a  system  and  put  it  into  suc- 
cessful operation  at  the  works  of  The  Piske  Brick  Co. ,  at 
Dover  Point,  N.  H.,  I  take  pleasure  in  presenting  a  descrip- 
tion of  it  to  this  society.  . 

Plate  1  shows  a  photograph  of  the  exterior  of  the  main 
building,  with  monitor  roof,  367  feet  long  and  60  feet  wide, 
and  the  auxiliary  building  being  115  feet  long  and  60  feet 
wide. 

Plate  2  is  a  gjan  view  of  the  plant  thus  far  erected, 
and  shows : 

Power  Planty  consisting  of  two  tubular  boilers,  pumps 
and  feed  water  heater,  a  200  H.  P.  Corliss  engine,  60  kilowatt 
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belted  dynamo,  60  kilowatt  direct  connected  engine  and 
dynamo  as  a  spare  unit,  switchboard,  shafting,  etc. 

Brick  Machinery^  consisting  of  a  Chambers  disintegrator 
and  a  Preese  combined  pugmill  and  auger  machine  for 
making  stiff  mud  bricks,  with  an  automatic  cutter  and  an 
off-bearing  belt  extending  nearly  across  the  main  building. 

Setting"  Up  Stands  for  the  reception  of  the  green  bricks 
as  they  are  taken  from  the  belt. 

Drying  Arrangements^  consisting  of  a  Crown  Heat  Gen- 
erator, a  twelve-foot  Sturtevant  fan  and  four  drying  chambers 
of  special  construction,  as  described  later. 

Kiln^  consisting  of  thirteen  chambers  arranged  in  one 
battery  for  burning  by  the  continuous  or  regenerative 
principle. 

Plate  3  is  a  bird's-eye  interior  view  looking  north,  and 
shows  the  storage  rack  and  drier  in  the  foreground. 

The  clay  is  drawn  up  an  inclined  trestle  in  side  dump- 
ing cars,  each  of  five  yards  capacity,  and  is  dumped  into  a 
hopper  at  the  disintegrator.  The  material  proceeds  through 
the  disintegrator,  brick  machine  and  cutter,  and  the  green 
bricks  pass  out  into  the  main  building  on  the  off-bearing 
belt,  all  in  the  usual  manner. 

At  this  point  in  the  manufacture  the  special  handling 
machinery  begins  its  work,  the  process  thus  far  being  an 
entirely  standard  one. 

Careful  consideration  of  the  conditions  necessary  for 
the  drying  and  burning  of  bricks  has  convinced  me  that 
the  successful  handling  machinery  must  handle  the  bricks 
in  large  masses  rather  than  one  by  one,  as  is  done  by  labor 
saving  machinery  in  other  arts,  and  I  consequently  intro- 
duce at  this  point  in  the  manufacture  what  I  term  the 
"unit  stack"  idea,  which  I  believe  to  be  entirely  novel  in 
brick  making. 

The  unit  stack  consists  of  a  pile  of  bricks  built  up,  as 
they  issue  from  the  molding  or  pressing  machine,  in  such 
relative  position,  brick  to  brick,  that  they  can  be  dried, 
burned  and  loaded  on  the  delivery  car  or  wagon  without 
rearrangement,  the  entire  stack  being  lifted  as  a  unit, 
transported  and  deposited  by  suitable  machinery,  first  into 
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the  drier,  then  into  the  kiln,  and  finally  into  the  stockyard 
or  delivery  wagon.  The  original  stacking  can  be  done 
automatically,  layer  upon  layer,  by  machinery,  or  can  be 
done  by  hand  as  in  the  plant  under  discussion. 

The  unit  stack  system  creates  a  distinct  advance  in 
the  art,  as  it  eliminates  all  manual  handling  after  the  bricks 
are  once  stacked,  banishes  from  the  brick  factory  all  tip 
carts,  trucks,  wheel-barrows,  drier  cars,  tracks,  transfer  cars 
and  turn-tables,  dispenses  with  kiln  "setters"  and  "emptiers," 
and  reduces  the  entire  force  of  employes,  beyond  the  brick 
machinery  gang  proper,  to  a  mere  handful  of  men. 

In  order  to  place  the  bricks  in  unit  stack  formation,  a 
rack  called  a  "  setting-up  stand  "  is  permanently  located  on 
each  side  of  the  off-bearing  belt,  and  at  a  suitable  distance 
therefrom  to  accommodate  the  stackers. 

Plate  4  shows  the  sitting-up  stands,  constructed  with 
106  heavy  horizontal  bars  of  hard  pine,  mounted  at  a  con- 
venient height  for  the  stacking  of  the  bricks,  these  bars 
being  spaced  apart  so  as  to  support  each  lower  brick  at  its 
two  ends  and  in  the  middle,  leaving  two  clear  spaces  about 
1}  inches  wide  under  each  bottom  row.  The  bricks  may  be 
set  five  over  two,  six  over  two,  or  in  any  manner  required 
for  their  proper  drying  and  burning,  exactly  as  is  done  in 
the  usual  plant,  and  no  more  care  is  required  than  in  setting 
bricks  in  an  ordinary  kiln.  For  these  reasons  a  very  wide 
variety  of  clays  can  be  handled  by  this  system,  as  any  style 
of  setting  may  be  adopted  which  is  found  necessary  to  suit 
the  peculiarities  of  the  clay  in  question. 

The  stand  is  about  39  feet  long  by  20  inches  wide,  and 
holds  about  1,600  bricks  when  stacked  five  over  two  (that 
is,  five  headers  over  two  stretchers)  and  six  courses  high. 
At  the  back  of  the  stand  are  vertical  guide  bars,  also  of  hard 
pine,  to  insure  a  perfectly  vertical  stack  and  to  guide  the 
stackers  in  setting  the  top  row  of  bricks,  which  must  be 
spaced  exactly  to  correspond  with  the  horizontal  bars,  as 
will  be  seen  later. 

As  soon  as  the  first  stack  is  completed,  the  stackers 
commence  placing  the  bricks  on  the  opposite  stand,  the 
first  stack  being  soon  removed  by  the  handling  machinery 
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thus  leaving  the  first  stand  empty  and  ready  for  another 
stack.  Thus  all  waiting  for  empty  cars  or  trucks,  as  is 
common  in  many  brick  plants,  is  eliminated,  and  the  brick 
machine  is  free  to  run  without  interruption.  Plate  4  shows 
one  stand  filled  and  the  other  partially  filled. 

The  handling  machinery  consists  of  an  overhead  elec- 
tric traveling  crane  and  a  special  carrier  called  a  ''brick  lift.'' 

By  reference  to  Plate  5  it  will  be  seen  that  the  crane 
travels  on  tracks  supported  on  an  elevated  runway  near  the 
eaves  of  the  main  building,  and  that  it  spans  this  building 
completely  and  travels  its  entire  length.  The  crane  is 
driven  along  the  overhead  tracks  by  an  electric  motor  called 
the  ''travel  motor,"  located  midway  on  the  crane  girder  and 
shown  in  the  cut,  and  the  hoisting  and  lowering  of  the  load 
is  effected  by  the  "hoist-motor,"  located  on  top ;  each  motor 
is  controlled  independently  by  a  lever  in  the  operator's  cage. 
The  hoisting  is  done  by  four  vertical  chains  and  four 
winding  drums  driven  in  unison  by  the  main  shaft  from  the 
hoisting  motor. 

The  brick  lift  consists  of  two  main  lifting  beams  prop- 
erly braced  together  to  form  a  girder;  to  this  girder  are 
attached  104  lifting  fingers  accurately  spaced  apart  to  cor- 
respond to  the  spaces  between  the  bars  of  the  setting-up 
stand,  so  that  the  whole  forms  a  rigid  structure.  The  four 
vertical  chains  already  mentioned  are  attached  to  four 
lifting  eyes  on  the  lifting  beams,  thereby  securing  the  ut- 
most stability  of  the  loaded  lift,  tipping  in  any  direction 
being  impossible  and  swaying  and  twisting  being  reduced 
to  a  minimum. 

To  engage  and  transport  a  load  of  bricks,  the  lift  is 
brought  by  the  crane  in  front  of  the  setting-up  stand,  low- 
ered until  the  fingers  are  at  the  proper  level,  the  crane 
moved  forward  until  the  horizontal  members  of  the  fingers 
are  run  into  the  spaces  between  the  bars  of  the  stand  and 
underneath  the  lower  layer  of  bricks.  Plate  6  shows  the 
fingers  in  the  act  of  entering  these  spaces.  The  lift  with 
the  entire  load  of  bricks  is  then  raised  clear  of  the  stand 
by  the  hoisting  motor,  and  is  carried  by  the  crane  to  the 
drier  as  a  unit. 
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By  reference  to  Plate  7,  it  will  be  seen  that  each  brick 
of  the  bottom  layer  is  supported  on  two  fingers  of  the  lifti 
hence  there  is  perfect  stability  of  the  load  and  it  is  impossible 
for  it  to  twist  or  topple  over.  Repeated  trials  with  the  most 
violent  movements  of  the  crane  that  were  possible  have 
failed  to  dislodge  a  single  brick  from  its  load. 

The  crane  operator  is  located  in  a  cage  at  one  end  of 
the  crane,  as  shown  in  Plate  5,  and  at  all  times  has  an  unin- 
terrupted view  of  the  runway  and  of  his  work  below. 

It  will  be  noted  that  this  operator,  with  one  helper 
on  the  brick  lift,  can  handle  as  many  bricks  at  a  time 
as  15  to  20  men  with  wheelbarrows,  and  that  the  speed  of 
travel  along  the  tracks  is  faster  than  a  man  can  comfortably 
walk. 

Handling  the  unit  stack  during  the  remainder  of  the 
process  is  accomplished  by  the  use  of  racks  in  the  drier, 
kiln  and  store  room,  each  constructed  with  horizontal 
members  accurately  spaced  for  the  reception  of  the  bricks 
as  in  the  case  of  the  setting-up  stand  and  provided  with 
spaces  between  its  members  to  correspond  to  the  fingers 
of  the  lift.  Thus  in  the  drier  these  racks  are  of  steel  I 
beams»  in  the  kiln  they  are  of  bricks  to  withstand  the  heat 
necessary  for  burning  the  ware,  and  in  the  store  room  they 
are  of  either  steel  or  wood. 

The  drier  shown  in  section  in  Plates  8  and  9  is  of  brick 
and  steel  construction,  is  absolutely  fireproof  and  is  novel 
throughout.  It  is  divided  into  four  chambers  by  permanent 
partition  walls,  each  chamber  being  provided  with  a  cover 
removable  in  one  piece ;  these  covers  are  constructed  of  I 
beams  with  an  upper  and  lower  covering  of  sheet  iron, 
thereby  providing  a  dead  air  space  of  about  4  inches.  Plate 
10  shows  one  of  these  chambers  with  the  cover  removed,  two 
stacks  of  soft  bricks  having  been  placed  in  the  chamber. 

In  the  bottom  of  each  chamber  is  a  fixed  rack  of  I 
beams  constructed  as  already  described ;  the  stacks  of  bricks 
are  brought  from  the  setting-up  table  and  deposited  succes- 
sively upon  this  rack,  the  brick  lift  being  lowered  through 
the  rack  to  deposit  the  bricks,  and  being  backed  out  and 
raised  from  the  rack  each  time  after  so  depositing  them. 
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As  the  soft  bricks  will  not  bear  the  weight  of  super- 
imposed loads,  each  chamber  is  provided  also  with  two  re- 
movable racks,  which  are  supported  by  horizontal  channel 
beams  built  into  partition  walls  separating  the  chamber. 
Bach  removable  rack  is  built  of  I  beams  like  the  fixed  rack 
below  it,  and  each  holds  four  stacks  of  bricks,  thus  making 
the  capacity  of  each  chamber  12  stacks,  or  about  18,000 
bricks. 

The  arrangement  of  the  covers  and  the  racks  with  their 
loads  of  bricks  is  clearly  shown  in  Plates  8  and  9. 

The  method  of  handling  the  removable  racks  is  shown 
in  Plates  11  and  12.  Bach  rack  is  provided  on  its  under 
side  with  two  flat  iron  bars  running  lengthwise  and  equi- 
distant from  the  center  line  of  the  rack.  The  fingers  of  the 
brick  lift  are  dropped  below  the  level  of  these  bars  and  are 
then  run  under  them  so  that  the  rack  can  then  be  lifted  and 
transported,  the  bearing  on  the  two  bars  preventing  the 
rack  from  tipping  or  twisting. 

The  covers  are  provided  with  latticed  lifting  beams 
attached  to  the  tops  so  that  the  fingers  of  the  lift  can  be  run 
under  them  for  the  purpose  of  handling  the  covers  from  one 
chamber  to  another.  A  cover  is  generally  removed  from  a 
chamber  of  dried  bricks  and  placed  upon  a  chamber  just 
filled  with  bricks  to  be  dried.  Bach  cover,  when  in  position, 
is  supported  by  channel  irons  on  the  top  of  the  partition 
walls,  as  shown  in  Plates  8  and  10,  these  channels  being 
filled  with  sand;  a  downwardly  projecting  lip  on  the  cover 
imbeds  itself  in  this  sand  when  the  cover  is  placed  in  posi- 
tion, thereby  automatically  sealing  the  chamber. 

Hot  air  is  forced  through  the  bricks  by  a  powerful  fan 
driven  by  an  electric  motor,  the  air  passing  through  three 
chambers  in  succession,  as  shown  in  Plate  9.  Inasmuch  as 
the  bricks  can  not  be  progressed  through  successively  hotter 
and  hotter  zones,  as  in  the  case  of  the  tunnel  drier,  the 
same  results  are  obtained  by  progressing  the  zone  of  maxi- 
mum  heat  through  the  bricks.  Thus  the  air  being  heated 
by  a  suitable  device,  in  this  case  by  a  Crown  Heat  Genera- 
tor, it  is  forced  into  a  circular  tunnel  running  lengthwise 
of  the  building  and  passing  under  the  center  of  each  cham- 
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ber,  as  shown  in  Plates  8  and  9.  On  each  side  of  this  tunnel 
and  under  each  chamber  is  a  large  opening,  closed  by  a 
curved  hanging  damper  controlled  by  a  chain  from  the  out- 
side of  the  drier.  This  opening  admits  just  the  proper 
amount  of  air  to  a  distributing  compartment  located  beneath 
the  lower  brick  rack  and  provided  with  a  sloping  bottom  to 
insure  a  proper  flow  of  air  into  all  parts  of  the  drying 
chamber.  The  curved  dampers  being  closed  under  all  the 
chambers  except  the  one  of  nearly  dried  bricks,  the  air 
passes  from  the  tunnel  into  the  distributing  compartment, 
and  thence  upward  through  the  bricks. 

In  order  to  facilitate  the  proper  circulation,  a  wide  space 
is  left  between  the  bricks  at  one  side  of  the  chamber  and  the 
partition  wall,  this  space  being  insured  by  the  room  neces- 
sary for  backing  out  the  brick  lift  after  depositing  its  last 
load  on  each  rack.  In  the  case  of  the  lower  rack,  a  wide 
sheet  iron  floor  is  attached  to  the  lower  side  of  the  rack, 
underneath  that  portion  covered  by  the  bricks,  in  order  to 
force  all  the  air  first  into  the  clearance  space  and  up  to  the 
cover,  and  thence  downward  and  at  more  or  less  of  an  angle 
through  the  bricks  to  openings  or  wickets  in  the  base  of  the 
opposite  partition  wall,  and  thence  into  the  next  chamber. 
To  prevent  the  air  from  passing  directly  through  the  lower 
tier  of  bricks  to  the  wickets,  canvas  baffle  curtains  are  hung 
from  the  bottom  of  the  two  movable  racks,  thereby  forcing 
the  air  up,  over  and  then  downward  through  the  bricks. 
The  wickets  are  closed  by  vertical  sliding  dampers,  con- 
trolled by  chains  passing  upward  through  2-inch  pipes 
imbedded  in  the  partition  walls. 

The  hot  air  is  first  admitted  to  a  chamber  of  nearly 
dried  bricks  and  passes  thence  to  a  partially  dried  chamber, 
thence  to  a  chamber  freshly  filled  and  finally  into  an  open 
chamber  just  being  filled.  As  soon  as  the  first  chamber  has 
been  thoroughly  dried  and  the  last  chamber  has  been  filled, 
the  cover  of  chamber  No.  1  is  removed,  and  is  placed  in 
position  on  No.  4,  the  hot  air  is  shut  off*  from  the  No.  1  and 
^  admitted  directly  to  No.  2,  which  by  this  time  has  become 

sufficiently  heated  and  dried  to  prevent  checking  of  the 
ware.     Chamber  No.  1  is  now  ready  to  have  its  brick  re- 
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moved  to  the  kiln  for  burning.  Chamber  No.  4  is  connected 
with  Chamber  No.  1  by  return  flues,  located  on  either  side 
of  the  drier  in  order  that  the  chambers  may  operate  in 
rotation  without  any  interruption,  as  in  the  case  of  the 
continuous  burning  kiln. 

Thus  the  zone  of  maximum  heat  is  progressed  from 
chamber  to  chamber,  the  nearly  dried  brick  receiving  the 
maximum  heat  and  the  green  bricks  being  subjected  to 
warm  moist  air  as  in  the  most  approved  types  of  progressive 
artificial  driers. 

The  bricks  are  carried  from  the  drier  to  the  kiln  by  the 
crane  and  brick  lift,  and  are  there  deposited,  each  chamber 
(holding  about  18,000  bricks)  having  a  removable  crown,  so 
as  to  leave  the  entire  top  open.  The  bottom  of  the  kiln,  or 
that  portion  covered  by  bricks  to  be  burned,  is  provided 
with  a  special  fire  brick  floor  with  separated  ribs,  corres- 
ponding in  spacing  to  the  fingers  of  the  brick  lift,  so  that 
the  stack  of  dried  bricks  is  deposited  without  difficulty  and 
the  lift  withdrawn,  as  in  the  case  of  the  drier,  each  brick  of 
the  lower  layer  being  supported  by  the  ribs  of  the  floor  at  its 
two  ends  and  in  the  middle.  Plate  13  shows  one  kiln  dried 
brick,,  and  Plate  14,  taken  during  the  construction  of  the 
kiln  and  before  the  partition  walls  were  built,  shows  the 
brick  lift  in  the  act  of  depositing  a  load  of  bricks  on  the  ribs 
forming  the  special  kiln  bottom. 

After  the  four  stacks  of  bricks  forming  the  lower  tier 
have  thus  been  placed  in  position  in  the  kiln,  other  suc- 
cessive stacks  have  been  placed  upon  them,  the  fingers  of 
the  lift  passing  down  into  the  spaces  of  the  upper  row  of 
bricks  of  the  tier  below.  It  will  be  noted  that  the  upper 
row  of  bricks  of  each  stack  is  spaced  especially  wide  apart 
to  permit  this  operation,  as  has  already  been  described. 

The  setting  consists  of  three  tiers  of  four  stacks  each. 
After  placing  the  last  stack  in  position  the  empty  lift  is 
backed  out  into  the  "combustion  space,"  and  is  then  with- 
drawn from  the  kiln.  In  reverse  manner,  the  lift  enters 
the  kiln  when  the  bricks  have  been  burned  and  cooled  and 
removes  one  load  after  another  to  the  point  of  shipping  or 
storage. 
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Plate  15  shows  a  kiln  chamber  filled  with  bricks  ready 
for  the  reception  of  the  portable  crown. 

The  kiln  operates  on  the  "semi-continuous"  principle, 
and  is  built  with  permanent  transverse  partitions,  dividing 
it  into  chambers;  the  fires  are  fed  with  coal  through  holes 
in  the  crown  and  are  supplied  with  hot  air  from  the  cooling 
chambers  behind,  the  air  entering  the  burning  chamber 
through  the  "wickets"  in  the  base  of  the  partition  wall; 
the  waste  heat  of  the  burning  chamber  passes  forward  in 
a  similar  manner  to  heat  up  the  green  bricks  in  advance 
of  the  fires.     Thus  the  utmost  economy  of  fuel  is  secured. 

Many  novel  features  are  to  be  noted  in  the  construction 
and  operation  of  the  kiln  under  discussion. 

The  chambers  are  unusually  low  and  narrow,  which 
enables  them  to  be  fired  largely  from  one  side  and  to  pro- 
duce a  very  uniform  burn. 

The  open  space  above  mentioned  acts  not  only  as  a 
combustion  chamber,  but  provides  an  entrance  and  exit 
for  the  brick  lift  to  the  chamber  when  the  latter  is  filled 
with  bricks. 

The  removable  crowns  for  the  kiln  chambers  are  con- 
structed of  fire  clay  blocks  and  cast  iron  hollow  beams  of 
special  shape  and  section.  These  beams  are  placed  about 
18  inches  apart  by  separating  bolts  and  span  the  kiln 
chamber  from  one  partition  wall  to  the  next,  the  ends 
resting  on  special  cast  iron  channel  irons  anchored  along 
the  top  of  the  partitions.  The  beams  support  heavy  blocks, 
made  of  high  grade  fire  clay  mixed  with  sawdust  to  give 
porosity,  the  soflSts  of  the  beams  being  amply  protected  by 
fire  clay  key  pieces. 

The  crown  is  sealed  around  the  edge  with  soft  bricks 
and  sand  and  gives  a  construction  of  great  superiority  over 
the  ordinary  mason  work  arch.  No  lateral  thrust  of  any 
kind  on  the  side  walls  or  partition  walls  is  produced  as 
the  crown  expands  and  contracts,  the  iron  beams  sim- 
ply sliding  on  the  channel  iron  supports.  Moreover,  re- 
pairs may  be  made  to  a  crown  by  removing  one  or  more 
fire  clay  blocks  without  tearing  down  the  whole  crown,  and 
without  interrupting  the  operation  of  the  kiln,  as  is    often 
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the  case  in  ordinary  fire  brick  constraction.  The  crowns 
are  lifted,  transported  and  deposited  by  the  crane  and  the 
brick  lift,  which  engages  a  heavy  latticed  lifting  girder 
attached  to  each  iron  beam  of  the  crown.  This  constmc- 
tion  provides  a  liberal  amount  of  flexibility  and  secures 
a  satisfactory  seating  of  each  beam  on  the  wall  without 
undue  straining  of  the  fireproofing  materials.  The  con- 
struction of  the  crowns  and  the  manner  of  lifting  them  are 
shown  in  Plate  16. 

As  all  filling  and  emptying  of  the  chambers  are  done 
through  the  top,  the  kiln  is  built  with  thick,  permanent 
and  unbroken  side « walls,  all  arched  doorways  being  omit- 
ted. Thus  the  necessity  of  continually  bricking  up  and 
tearing  down  the  doors,  as  in  other  kilns,  and  the  usual 
complement  of  soft  burned  bricks  near  the  doorways  are 
obviated.  Moreover,  as  the  side  walls  are  unbroken  from 
end  to  end,  it  is  possible  to  build  the  kiln  with  all  flues  in 
the  walls,  thereby  eliminating  the  underground  flue  abso- 
lutely. As  is  well  known,  underground  flues  are  often  cold 
and  damp  and  are  a  source  of  great  irregularity  of  draft, 
particularily  in  a  continuous  kiln,  where  the  temperature  of 
the  waste  gases  is  very  low. 

The  draft  for  burning  is  produced  by  an  exhaust  fan 
driven  by  an  electric  motor,  the  whole  being  mounted  on  a 
portable  cover,  constructed  of  I  beams  and  sheet  iron  cover- 
ing, as  in  the  case  of  the  drier  covers.  A  suitable  iron  pipe 
connects  the  inlet  of  the  fan  with  holes  through  the  cover  at 
the  proper  points.  The  draft  cover  is  transported  by  the 
crane  and  brick  lift,  which  engages  a  lifting  beam,  as  will  be 
seen  by  reference  to  Plate  17.  The  draft  cover  is  deposited 
over  a  kiln  chamber  a  suitable  distance  ahead  of  the  fire, 
and  is  advanced  from  time  to  time  as  the  fire  progresses. 
Thus  the  source  of  draft  is  always  at  a  fixed  distance  from 
the  fire,  is  direct,  positive  and  uniform,  and  at  once  effect- 
ually overcomes  all  the  difficulties  experienced  with  natural 
draft. 

The  kiln  is  built  in  a  straight  line  instead  of  in  the 
usual  oval  shape,  in  order  to  bring  all  the  chambers  prop- 
erly within  the  range  of  the  overhead  crane,  and  it  may  be 


i 
t 

n 


IN  THB  MANUFAOTUBE  OF  BBIOK.  88 

constructed  on  the  semi-continuous  principle,  in  which  the 
fire  is  started  at  one  end,  traverses  the  length  of  the  kiln 
and  then  dies  out,  or  by  the  use  of  **return  flues"  con- 
necting the  two  ends  of  the  kiln,  heat  from  the  last  cham- 
ber may  be  carried  to  the  starting  end  for  water  smoking 
purposes,  as  in  the  case  of  the  original  continuous  kiln. 
The  latter  arrangement  is  used  in  the  Dover  Point  plant. 

The  improved  continuous  kiln  not  only  saves  two- 
thirds  of  the  fuel  and  a  large  part  of  the  labor  of  the  up- 
draft  wood  burning  kiln,  but  produces  bricks  of  far  more 
uniform  color  with  practically  no  cracking,  breakage  or 
other  loss. 

The  coal  for  firing  the  kiln  is  brought  by  the  crane 
and  brick  lift,  from  the  storage  bin  in  long  iron  boxes, 
which  are  deposited  on  top  of  the  kiln  adjacent  to  the 
proper  feed  holes.  These  boxes  are  moved  along  from 
chamber  to  chamber  as  the  fire  progresses.  Thus  the 
wheeling  of  coal  is  minimized  and  no  coal  is  wasted  by 
being  scattered  over  the  top  of  the  kiln.  The  ashes  are 
taken  out  of  the  kiln  by  a  similar  box,  which  is  lowered 
into  the  chamber  after  the  bricks  are  removed. 

When  a  chamber  of  burned  bricks  has  become  suffi- 
ciently cooled  for  removal  to  the  stock  pile»  the  crown  is 
lifted  by  the  crane  and  brick  lift  and  deposited  over  a 
chamber  just  filled  with  dried  brick.  The  brick  lift  is  then 
lowered  into  the  combustion  space  to  a  proper  level,  the 
fingers  are  run  under  the  stacks  of  burned  bricks,  which 
are  lifted  and  transported  one  by  one  to  any  desired  point 
for  assorting,  storage  and  shipment.  In  plants  making 
common  bricks  only  the  bricks  may  be  deposited  upon  an 
automatic  loading  machine,  consisting  of  an  endless  belt 
with  separated  slats  or  bars  for  receiving  the  bricks  as 
in  the  case  of  the  drier  racks,  this  belt  conveying  the  bricks 
and  dumping  them  into  the  delivery  wagon,  thus  reducing 
the  entire  hand  labor  on  the  plant  to  the  single  operation 
of  stacking  the  soft  bricks  at  the  setting-up  stands.  Bach 
unit  stack  will  fill  an  ordinary  delivery  wagon.  The  same 
device  may  be  used  to  load  railway  cars. 

In  the  case  of  the  Dover  Point  plant,  some  high  grade 
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bricks  are  obtained  by  assorting,  and  consequently  a  second 
hand  operation  is  here  introduced,  the  burned  bricks  being 
deposited  upon  an  assorting  stand  at  the  end  of  the  kiln. 

Id  the  plant  as  thus  far  constructed  no  labor-saving  ap- 
pliances are  used  in  connection  with  storing  or  loading  the 
bricks,  but  it  is  the  intention  of  the  company  to  increase  the 
main  building  to  about  twice  its  present  length  and  to  con- 
struct more  continuous  kilns  similar  to  the  one  now  in  use. 
A  storage  building  will  then  be  constructed  at  right  angles  to 
the  present  main  building,  and  an  electric  overhead  crane 
arranged  to  take  the  bricks  in  large  loads  after  assorting  and 
to  place  them  in  the  storage  building,  later  to  be  shipped 
either  by  rail  or  water  to  the  distant  market.  The  elevated 
crane  track  in  the  storage  building  will  be  extended  to  in- 
clude the  railroad  tracks  at  one  end  and  the  shipping  dock 
at  the  other,  and  the  assorted  bricks  will  be  handled  on 
cradles,  each  containing  a  cart  load.  The  cars  or  shipping 
barges  may  then  be  run  under  a  crane  at  the  point  of  destin- 
ation and  the  cradles  of  bricks  lifted  as  a  unit  and  placed  in 
the  delivery  wagons,  thus  eliminating  the  usual  expense  of 
hand  labor  for  loading.  By  this  system  it  is  therefore  possi- 
ble to  manufacture  common  bricks  and  deliver  them  to  the 
customer  with  but  two  manual  handlings  from  the  clay  bank  I . 

to  the  mason,  one  after  molding  and  one  after  burning,  thus 
reducing  the  total  labor  to  a  fraction  of  its  present  amount 
even  in  the  most  modern  yards. 

The  plant  under  discussion  has  so  recently  been  put  into 
operation  that  I  am  unfortunately  unable  to  present  any  data 
as  to  the  cost  of  manufacture,  but  it  will  doubtless  be  suf- 
ficient at  this  time  to  say  that  the  practicability  of  the  entire 
scheme  has  been  fully  demonstrated  and  that  no  great  dif- 
ficulties have  been  encountered.  At  a  later  date  I  hope  to 
have  the  pleasure  of  presenting  some  data  as  to  the  cost  of 
handling  by  this  system  and  of  burning  in  the  continuous  |  ^ 

kiln  with  portable  mechanical  draft. 

The  preparations  of  the  drawing  and  the  erection  of  the 
plant  has  been  under  the  immediate  supervision  of  the  Con- 
sulting Engineer  of  the  Company,  Mr.  John  C.  Ostrup,  mem- 
ber Am.  Soc.  C.  £.,  well  known  throughout  the  country  from 
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his  connection  with  the  Chicago  elevated  roads  and  as  De- 
signing Engineer  of  the  Boston  elevated  railroad. 

DISCUSSION. 

Professor  Edward  Orton^  Jr. :  Inasmuch  as  several 
months  have  elapsed  since  the  publication  of  this  paper,*  and 
Mr.  Piske  has  been  running  his  plant  in  the  meantime  and 
thus  gaining  new  experience,  I  would  ask  him  whether  he 
has  any  statements  which  he  wishes  to  add  to  those  which 
have  been  already  published  on  this  paper?  If  so,  it  would 
be  proper  to  make  them  now. 

Mr.  J.  Parker  B.  Fiske:  The  secretary  has  been  corres- 
ponding with  me  quite  insistently  for  several  weeks  in  regard 
to  furnishing  some  figures  in  connection  with  the  cost  of 
making  brick  at  our  plant  by  the  new  method.  I  have  told 
him  that  our  plant  has  been  put  into  operation  so  near  to 
the  time  of  this  meeting  that  we  are  not  able  to  present 
any  figures  which  I  really  think  would  do  justice  to  the 
plant,  as  it  stands  today.  We  have  no  records  which  repre- 
sent the  operation  of  the  plant  over  any  considerable  period 
of  regular  manufacture. 

I  presume  it  is  hardly  necessary  to  say  to  those  who 
visited  the  plant  and  saw  what  we  are  doing,  that  a  plant  as 
novel  as  this,  and  representing  practically  a  new  conception 
of  brick  making,  could  hardly  be  expected  to  be  put  into 
steady,  systematic  operation  within  two  or  three  months 
after  the  construction  was  completed.  As  a  matter  of  fact, 
we  commenced  regular  brick-making  operations  about  the 
first  of  November.  We  have  been  through  the  usual  cate- 
gory of  troubles  incident  to  starting  a  new  plant.  I  think  I 
am  right  in  saying  that  in  starting  a  manufacturing  plant  of 
any  kind,  even  of  the  most  ordinary  nature,  that  difficulties 
of  some  sort  or  other  are  almost  inevitable  for  a  time  until 
the  plant  is  brought  down  to  a  good  working  basis. 

We  are  just  emerging  from  the  development  or  experi- 
mental period  in  our  plant.     For  instance^  we  have  burned 

*  NoTX  BT  Bbobstabt:  ThlB  paper  was  printed  and  dlstrlbated  to  the 
members  of  the  Boolety  as  advance  sheets  on  December  10, 1902,  and  dlsonsslon  at 
the  Boston  meeting  specially  Inylted.  Also,  the  members  visited  the  plant  In  a 
body  on  Tuesday  afternoon,  February  8, 1906,  the  day  before  this  dlsonsslon  was 
held. 
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oar  continnous  kiln  only  four  times.  The  first  time  was 
practically  the  drying  out  or  burning  out  of  the  kiln.  That 
suggested  some  changes  which  have  been  made,  coincident 
with  the  further  burning  of  the  kiln,  and  they  have  been 
made,  of  course,  at  the  expense  of  rapid  and  economical 
burning,  because  the  masons  naturally  interfered  more  or 
less  with  the  burning. 

So  far  as  the  handling  of  the  brick  is  concerned,  we 
have  proceeded  far  enough  with  that  to  feel  pretty  sure  of 
what  we  can  accomplish.  I  may  say  that  the  figures,  in  a 
general  way,  will  be  as  follows :  With  the  size  of  unit  stack 
we  are  now  handling,  fifteen  hundred  brick,  and  with  the 
speed  of  hoisting  and  travel  to  which  our  crane  is  now 
adjusted,  we  find  we  can  handle  fifteen  hundred  brick  from 
one  point  to  any  other  point  in  the  factory,  making  the 
round  trip  in  about  five  minutes.  That  requires  the  services 
of  a  crane  man,  part  of  the  time  of  a  helper,  riding  on  the 
brick  lift.  On  that  basis  we  have  repeatedly  set  a  chamber 
of  18,000  brick  in  the  continuous  kiln,  with  two  men,  in  one 
hour's  time.  That  is  at  the  rate  of  180,000  brick  handled 
into  the  kiln  in  ten  hours  by  two  men,  or  at  the  rate  of 
90,000  handled  by  one  man  in  ten  hours. 

I  think  that  a  fair  statement  would  be  that  a  kiln  setter, 
with  three  or  four  wheelers  from  an  open  yard,  will  handle 
80,000  brick  in  about  ten  hours'  time:  four  men,  20,000 
brick  in  ten  hours,  or,  one  man,  6,000  brick  in  ten  hours,  as 
against  one  man  handling  90,000  in  ten  hours  by  our 
method.     That  is  a  ratio  of  efficiency  of  18  to  1. 

Now,  there  is,  of  course,  a  large  amount  of  other  work 
which  the  crane  has  to  do.  It  must  handle  the  kiln  covers, 
drier  racks,  drier  covers,  etc. ,  all  of  which  somewhat  reduces 
its  capacity  for  handling  brick. 

In  regard  to  cost  of  operating  the  drier  and  kiln,  my 
previous  remarks  will  hold  true,  and  we  cannot  give  any 
figures  which  we  think  would  represent  what  we  will  ulti- 
mately be  able  to  do.  I  have  no  objection  to  telling  people 
what  we  are  doing,  however,  and  I  will  say  that  we  are 
operating  our  Crown  Heat  Generator  with  about  150  pounds 
of  coal  for  each  thousand  brick  dried.     That^  I  feel  certain, 
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does  not  represent  the  ultimate  economy.  The  designers^ 
and  builders  of  the  heat  generator  guaranteed^  with  one 
pound  of  water  in  each  brick,  to  dry  1,000  brick  with  100- 
pounds  of  coaly  which,  of  course,  is  a  small  amount  of  fuel. 
The  way  in  which  the  drier  does  its  work  is  not  very  different 
from  the  ordinary  progressive  drier,  where  the  source  of  heat 
is  fixed  and  the  ware  is  progressed  through  to  the  zone  of 
maximum  heat.  In  our  case,  it  is  impossible  to  progress 
the  bricks,  so  the  zone  of  maximum  heat  is  progressed 
through  the  bricks.  Thus,  we  get  the  same  progression  of 
temperature  on  the  bricks  in  our  drier  which  is  found  neces- 
sary in  other  driers.  The  hot,  fresh  air  is  not  turned  directly 
on  the  soft,  green  brick,  but  turned  first  on  the  brick  which 
are  nearly  dry,  progressing  forward  to  the  bricks  which  have 
been  freshly  put  in  the  drier. 

As  I  said,  we  have  not  yet  operated  the  kiln  under 
favorable  conditions,  but  I  have  a  report  which  was  handed 
me  yesterday  on  one  of  the  chambers  which  has  just  been 
finished,  on  the  fifth  burn.  The  amount  of  coal  burned 
in  that  chamber  was  6,630  pounds,  the  chamber  containing 
18,000  brick.  That  is  about  three  hundred  and  sixty-odd 
pounds  of  coal  per  thousand  brick.  I  feel  very  sure  that 
this  will  be  reduced  to  at  most  three  hundred  pounds,  but 
am  not  able  to  give  further  figures  as  yet. 

I  think  that  is  all  I  have  to  say  now,  but  I  will  be  glad 
to  answer  any  questions  which  any  member  may  desire  to  ask. 

Mr.  Willard  D.  Richardson:  The  fact  that  this  paper 
has  been  before  us  for  several  weeks  and  also  the  fact  that 
my  name  has  been  upon  this  program  as  one  of  the  persons 
expected  to  discuss  it,  would  preclude  any  plea  of  insufficient 
time  for  preparation.  Before  leaving  for  this  convention,  I 
had  the  excuse  that  I  had  not  seen  the  plant  and  so  left  pre- 
paration for  discussion  until  after  the  trip  to  Dover  Point; 
and  while  it  was  possible  to  have  made  preparation  since 
visiting  the  plant  yesterday,  it  has  not  been  practicable. 

I  am  glad,  however,  of  this  opportunity  to  express  my 
appreciation  of  the  work  which  hsis  been  done  by  Mr.  Piske 
at  the  plant  at  Dover  and  I  feel  the  whole  brick-making  in- 
dustry is  indebted  to  Mr.  Piske  for  the  large  experiments  he 
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has  carried  on  there.  Whether  it  will  result  in  the  repeti- 
tion of  such  a  plant  in  other  places  on  substantially  the  same. 
lines  or  not,  the  work  he  has  done  will  lead  to  a  great  ad- 
vance, I  believe,  in  the  economical  manufacture  of  common 
brick.  It  will  stimulate  other  efforts,  perhaps  along  other 
lines,  to  accomplish  what  Mr.  Piske  has  been  endeavoring 
to  accomplish;  that  is,  to  eliminate  hand  labor  in  brick 
making. 

After  looking  over  the  plant  yesterday,  I  attempted  to 
make  some  figures  myself,  but  I  found  I  could  not  make 
any  figures  which  would  be  at  all  satisfactory  as  to  the 
saving  that  might  be  accomplished  by  this  system,  and  I 
can  easily  understand  why  Mr.  Piske  cannot  give  any  figures 
which  would  be  of  any  value  as  to  the  saving  actually  being 
made  at  the  present  time.  He  knows,  however,  better  than 
we  can,  how  much  his  plant  has  cost  above  that  of  a  modern 
plant  of  equal  capacity  having  the  car  system,  tunnel  driers 
and  continuous  kilns;  also  whether  the  exhibition  made  to 
us  yesterday  represented  the  average  daily  operation  of  the 
plant,  whether  the  chambers  we  saw  open  showed  exception- 
ally good  results  or  otherwise,  whether  the  burned  brick  can 
always  be  picked  up  from  the  chambers  as  easily  as  we  saw 
it  done;  whether  the  crane  has  already  caused  expense  for 
repairs  and  whether  the  kiln  covers  are  expensive  to  keep 
up,  etc. 

I  have  come  up  against  this  same  problem  of  reducing 
hand-labor  and  studied  a  great  deal  merely  upon  the  ques- 
tion of  how  to  do  away  with  the  wheelbarrow— the  hard 
labor  of  the  wheelbarrow.  Several  times  I  have  studied  out 
and  designed  conveyors  which  would  do  away  with  wheel- 
barrows. My  plans  looked  all  right  and  I  have  been  on  the 
point  of  applying  them  to  the  carrying  of  clay  and  brick. 
But  after  making  accurate  calculations  I  always  came  back 
to  the  same  conclusion,  that  upon  the  scale  of  operations 
which  I  have  been  conducting,  while  I  could  easily  elimin- 
ate the  hard  work  of  the  wheelbarrow,  I  could  not  save  any 
money  by  it.  I  could  not  save  a  dollar  by  it,  and  so  long  as 
that  labor  is  to  be  had,  so  long  as  men  wanted  to  wheel  the 
barrow  every  day,  I  continued  to  use  the  barrow. 
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So  in  Mr.  Piske's  system,  in  order  to  show  a  saving  of 
money  by  the  saving  of  hand  labor,  the  operations  mnst  be 
conducted  on  a  large  scale.  When  he  has  his  plans  com- 
pletely carried  out  at  Dover  Point,  he  will  probably  be  able 
to  show  a  large  saving  and  a  profitable  business,  but  I  can- 
not figure  such  to  be  the  case  in  the  small  experimental 
plant  he  has  now  in  operation — small,  not  in  most  of  its  ap- 
pointments nor  in  its  fixed  expenses,  but  in  its  daily  output. 

Mk  Ellis  Lovejoy:  There  is  a  great  deal  of  credit  due 
Mr.  Fiske  for  the  work  which  he  has  put  into  the  develop- 
ment of  this  process.  I  had  some  talks  with  him  while  he 
was  working  it  up,  and  I  must  confess  that  through  it  all  I 
thought  he  was  on  rather  a  wild  goose  chase.  I  want  to  say 
to  him  now,  that  seeing  the  plant  in  operation  yesterday  was 
quite  a  surprise  to  me.  I  did  not  expect  to  see  the  work 
carried  on  as  smoothly  and  with  as  little  difficulty  as  was 
done.  I  am  frank  to  admit  that  he  can  handle  his  unit  of 
fifteen  hundred  brick  from  the  machine  to  the  dry  house, 
from  the  dry  house  to  the  kiln,  and  with  the  clay  he  is  burn- 
ing, from  the  kiln  to  the  stockyard.  There  are  some  clays, 
however,  which  would  give  him  trouble.  If,  however,  the 
work  is  limited  to  common  brick,  made  from  clay  which 
will  not  stick,  the  process  can  be  carried  through  from  be- 
ginning to  end. 

What  improvements  he  can  make  to  take  in  all  other 
lines  is  a  question  for  the  future.  But  I  am  glad  to  know 
he  has  succeeded  in  working  out  the  mechanical  difficulties 
which  to  me,  in  the  beginning,  appeared  serious.  The 
question  with  me  all  along  has  been  the  possible  power  of  the 
crane.  We  timed  it  a  number  of  times  yesterday  and  found 
it  would  make  the  trip  in  from  three  to  five  minutes,  and  I 
am  willing  to  concede  to  Mr.  Piske  that  it  could  do  the  work 
continuously  in  that  time.  In  Mr.  Piske's  figures,  he  gives  it  as 
within  its  power  to  handle  180,000  bricks.  He  means,  I 
think,  green  bricks  from  the  machine  to  the  dry  house ;  the 
second  handling  to  the  kiln  reduces  the  quantity  to  90,000 ; 
and  the  third  handling,  from  the  kiln  to  the  finished  product, 
including  dead  work,  reduces  it  to  45,000.  I  think  this  is 
the  figure  which  Mr.  Piske  gave  me  as  the  capacity  of  the 
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crane  per  day — 46,000  finished  brick.  Notwithstanding  the 
number  of  trips  the  machine  would  have  to  make,  bringing 
in  the  coal,  changing  covers,  moving  racks  and  removing 
ashes,  I  am  satisfied  that  it  could  handle  this  product  of 
45i000  bricks  in  one  day.  The  whole  value,  now,  of  this 
process,  hinges  on  that  one  point.  If  45^000  is  the  limit  of 
his  crane,  then  there  can  be  n6  increase  in  the  system  with- 
out introducing  another  crane. 

Now,  there  is  no  saving  up  to  the  point  whexe  his  bricks 
are  put  upon  the  racks.  In  that,  I  think,  all  will  agree.  He 
has  two  men  with  the  crane  to  take  the  45,000  brick  to  the 
kiln.  Two  men,  with  properly  constructed  trucks,  will 
move  the  same  quantity  on  cars  through  the  dry  house  ta 
the  kiln.  So^  as  I  look  at  it,  there  is  no  saving  whatever  up 
to  the  point  where  the  bricks  reach  the  kiln.  At  that  point 
in  the  old  method,  we  must  introduce  setters  and  tossers,  and 
just  there  I  am  free  to  admit  I  am  a  little  lame.  I  am  not 
familiar  enough  with  common-brick  business  to.  know  just 
what  is  required  for  a  days'  work  in  setting.  I  have  heard 
of  instances  where  a  single  setter  put  over  fifty  thousand 
bricks  in  a  kiln  in  one  day.  I  think  it  is  common  practice 
to  put  at  least  thirty  thousand.  But'let  us  assume  that  he 
puts  in  twenty-two  and  a  half  thousand.  Then  it  will  take 
two  setters  to  take  care  of  the  bricks  that  this  crane  would 
handle.  It  will  take  two  or  three  tossers  to  deliver  these 
bricks  to  the  setter.  If  I  am  wrong  in  my  estimates,  I  hope 
those  who  are  familiar  with  the  subject  will  correct  me.  The 
two  setters  and  three  tossers  would  cost  about  nine  dollars  a 
day,  depending  on  the  rate  of  wages,  which  would  amount 
ta  twenty-seven  or  twenty-eight  hundred  dollars  in  the  course 
of  the  year. 

To  offset  this,  Mr.  Piske  has  introduced  an  expensive 
piece  of  machinery,  the  crane  itself.  I  have  not  at  hand  any 
figures  giving  the  cost  of  his  crane  or  the  building  to  carry 
it|  but  there  is  a  considerable  expense  in  the  building  and 
the  crane  over  the  cost  of  an  ordinary  yard  kiln  shed.  If 
this  excess  of  cost  amounts  to  ten  thousand  dollars,  then  he 
has  an  investment  of  that  amount,  and  that  investment  in 
business  is  worth  from  eight  hundred  to  one  thousand  dollars 
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per  year.  If  the  excess  is  twenty  thousand  dollars,  then  he 
has  money  invested  which  represents  an  interest  value  in  a 
factory  of  from  sixteen  hundred  to  two  thousand  dollars.  If 
he  has  an  excess  of  thirty  thousand  dollars  invested,  then  he 
has  interest  cost  exceeding  the  cost  of  labor  to  set  the  bricks. 
The  difference  in  saving  at  that  point  hinges  entirely  upon 
the  additional  expense  of  his  plant. 

Prom  that  point  on,  his  crane  will  move  the  brick  to  the 
sorting  table.  At  the  sorting  table,  as  he  is  working  at  the 
present  time,  the  bricks  are  rehandled,  and  in  the  plant  as  at 
present  operated,  there  is  no  saving  at  that  point,  because 
the  men  who  rehandle  the  brick  at  the  end  of  the  process 
could  quite  as  easily  take  them  from  the  kiln.  We  admit 
that  he  may  have  a  saving  up  to  the  time  the  bricks  are  set 
in  the  kiln,  of  from  sixteen  hundred  to  two  thousand  dollars 
per  year.  As  the  plant  is  at  present  operated,  there  is  no 
saving  beyond  that  point,  but  if  he  introduces  his  system  at 
the  finished  end  of  his  product,  and,  by  the  use  of  cranes 
instead  of  wheelbarrows,  can  handle  his  product  and  save 
the  wheelers,  there  is  a  possibility, — a  great  possibility, — of 
more  than  doubling  the  saving  he  would  make  in  setting  the 
green  bricks.  In  view  of  the  unfinished  state  of  his  plant, 
we  must  give  Mr.  Piske  the  benefit  of  this  possibility. 

As  the  plant  is  at  present  constructed,  it  has  a  machine 
capacity  of  sixty  thousand,  a  crane  capacity  of  forty-five 
thousand,  and  a  kiln  capacity  of  eighteen  thousand  brick 
p6r  day.  It  may  be  possible  for  him,  after  a  little  experience 
with  the  kiln,  to  increase  the  rate  at  which  he  is  now  burn- 
ing, and  turn  out  the  equivalent  of  a  chamber  and  a  half  per 
day,  which  would  bring  it  up  to  a  little  over  one-half  the 
capacity  of  his  crane.  I  think  he  can  do  this.  Now,  then, 
to  get  his  unit  of  45,000  bricks, — the  full  capacity  of  his 
crane, — he  must  radically  change  the  structure  of  his  kiln. 
I  do  not  believe  Mr.  Piske  is  satisfied  with  the  kiln  part  of 
his  plant,  and,  no  doubt,  he  already  has  ideas,  based  on  his 
experience  with  this  kiln,  which  would  greatly  improve  that 
part  of  his  factory.  He  cannot  lengthen  it  without  lowering 
the  capacity  of  his  crane.  The  thought  was  suggested  by 
Mr.  Richardson  that  he  can  put  another  kiln  on  the  other 
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side  of  his  machine,  and  this  would  not  increase  the  distance 
his  crane  would  have  to  travel;  but  that  brings  into  the 
question  the  handling  of  the  burned  product  at  two  points, 
and  would  mean  the  introduction  of  two  cranes,  so  it  seems 
to  me  that  it  is  not  to  be  considered. 

I  am  not  prepared  to  give  any  expression  of  opinion 
regarding  the  life  of  his  kiln  as  compared  with  that  of  other 
continuous  kilns,  nor  am  I  prepared  to  give  any  comparison 
of  cost  between  his  kiln  and  other  continuous  kilns ;  but 
those  items  of  cost,  if  greater  than  that  of  other  continuous 
kilns,  increases  the  amount  of  money  invested  in  the  busi- 
ness and  lowers  the  difference  between  the  cost  by  this 
process  and  the  older  method. 

He  undoubtedly  makes  a  great  saving  in  fuel  over  any 
other  system  using  common  kilns,  either  up  or  down  draft ; 
but  I  do  not  think  Mr.  Piske  will  claim  any  unusual  saving 
in  the  use  of  his  kiln  over  other  types  of  the  continuous  kiln. 

So  the  whole  matter  hinges  upon  the  value  of  the  crane 
in  replacing  the  labor  of  the  old  method. 

Mr.  Fiske:  In  answer  to  some  points  made  by  Mr. 
Lovejoy,  I  will  say  that  the  plant,  as  it  stands  today,  is  of 
course  not  finished ;  and  for  that  reason  we  do  not  claim  to 
be  making  anything  like  the  saving  over  the  usual  methods 
which  we  expect  to  make  when  the  original  conception  of 
the  plant  is  carried  out.  In  plants  making  common  brick 
only,  which  are  the  kind  of  plants  where  I  think  the  greatest 
saving  would  be  made,  there  is  no  sorting  of  bricks  to  be 
made  at  the  finishing  end  of  the  plant.  In  that  case,  the 
bricks  would  be  brought  directly  from  the  kiln  by  means  of 
the  crane,  and  either  loaded  directly  on  the  cars  by  the 
crane,  or  put  upon  a  loading  belt  which  has  cleats  or  bars 
across  it,  as  in  case  of  the  drier  racks,  moving  forward  like 
the  ordinary  conveyor  belt  and  loading  into  cars  outside  of 
the  building. 

I  want  also  to  say  that  the  crane  as  we  now  have  it  in 
operation  is  not  doing  anywhere  near  its  maximum  work. 
I  understand  it  is  the  practice  in  the  large  steel  mills  to  have 
a  speed  of  travel  on  the  track  of  six  hundred  feet  in  a 
minute.     Our  speed  is  somewhat  less  than  two  hundred  feet 
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a  minute  at  the  present  time.  We  have  it  so  arranged  that 
the  crane  may  be  speeded  up  later  when  necessity  requires. 
The  speed  in  hoisting  can  be  in  the  neighborhood  of  twenty 
feet  a  minute  for  a  load  similar  to  the  one  which  we  carry* 
Our  speed  is  some  five  or  six  feet  a  minute.  So  the  value 
of  the  crane  in  this  industry  cannot  be  judged  by  the  amount 
of  material  which  we  are  actually  handling  today  at  Dover 
Point.  It  is  a  well  known  fact  that  the  electric  traveling 
crane,  as  much  as  any  other  one  thing,  has  revolutionized  the 
steel  business,  and  the  electric  traveling  crane  has  been  found 
to  be,  of  all  the  different  devices  so  far  invented,  the  most 
efficient  for  handling  large  masses  of  heavy  material. 

I  do  not  wish  to  repeat  things  which  I  have  said  in  my 
paper  already  presented  to  the  society,  but  I  do  want  to  say 
this :  that  looking  over  the  different  manufacturing  fields,  it 
has  been  my  belief  for  a  long  time  that  no  field  required  the 
introduction  of  machinery  for  handling  its  product  cheaply 
more  than  the  brick  business ;  because  bricks,  of  all  finished 
products  in  the  world,  are  worth  the  least  per  ton  of  anything 
I  know. 

In  regard  to  the  cost  of  the  crane  and  additional  invest- 
ment, I  will  say  that  our  crane  cost  1^4,200.  That  does  not 
include  the  tracks,  which  I  think  cost  some  three  or  four 
hundred  dollars.  Five  thousand  dollars,  as  an  outside  figure, 
will  represent  the  installation  of  the  crane.  It  must  be  borne 
in  mind,  however,  (or,  I  will  have  to  ask  you  for  the  moment 
to  take  it  for  granted)  that  this  crane  will  handle,  say  fifteen 
million  brick  per  year.  For  handling  any  such  product  as 
that  by  the  car  system  and  tunnel  driers,  a  large  investment 
in  tracks,  turn-tables,  cars,  etc.,  must  be  made.  That  would 
go  a  long  ways  to  offset  the  cost  of  this  crane. 

Moreover,  the  item  of  repairs  and  depreciation  on  the 
traveling  crane  is  a  very  small  factor ;  while  we  know  that 
the  cost  of  repairs  and  depreciation  on  the  car  system  is  a 
large  factor  and  a  very  troublesome  one.  There  is  hardly  a 
large  plant  today  but  has  more  or  less  of  its  cars  in  the  repair 
shop.  The  extra  cost  of  the  building  should  not  be  charged 
to  the  crane,  or  to  this  system,  because  while  it  is  true  that 
we  have  a  more  expensive  building  than  is  put  up  on  the 
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ordinary  brick  yard,  we  have  a  building  which  is  more 
permanent,  which  will  represent  less  cost  for  repairs  and  less 
depreciation,  and  is  in  the  nature  of  an  improvement  itself 
independent  of  its  connection  with  the  crane.  It  is  in  the 
line  of  better  construction,  which  I  believe  we  are  all  coming 
to  in  the  ceramic  industries. 

In  regard  to  the  capacity  of  the  crane,  as  operated  today, 
Mr.  Lovejoy's  figures  are  about  correct.  That  is  to  say,  we 
figure  that  the  crane  will  do,  on  straight  handling  work,  about 
180,000  brick  in  ten  hours  for  one  movement  of  the  bricks. 
As  we  have  three  movements,  the  number  of  brick  will  be 
reduced  to  one-third,  or  sixty  thousand ;  and  making  liberal 
allowance  for  the  time  in  taking  the  brick  out  of  the  kiln, 
handling  covers,  ashes,  coal,  etc.,  I  think  forty-five  thousand 
is  a  fair  estimate.  In  plants  representing  large  investments, 
however,  it  is  the  custom  to  operate  them  more  than  ten 
hours  a  day;  and  the  larger  your  investment,  the  more 
profitable  it  is  to  operate  your  plant  overtime.  It  is  our 
intention,  when  occasion  requires  it,  to  have  this  crane  do  a 
portion  of  its  work  at  night.  We  have  electric  lights,  and 
can  see  to  do  our  work  as  well  by  night  as  by  day ;  so  the 
capacity  of  the  single  crane  can  easily  be  increased  to  sixty 
thousand  brick  in  twenty-four  hours. 

The  cost  of  the  kiln  has  been  touched  upon,  and  I  will 
say  that  no  extra  expense,  over  and  above  the  ordinary  kiln, 
is  necessary  by  reason  of  this  system.  In  fact,  while  some 
items  are  somewhat  more  expensive,  as  the  kiln  cover,  the 
construction  of  the  balance  of  the  kiln  is  somewhat  cheaper 
owing  to  the  absence  of  doorways,  complicated  flue  system, 
damper  system,  etc.  There  are  many  general  advantages 
which  we  see  in  this  system  over  the  ordinary  continuous 
kiln  set  by  hand,  and  which  operators  of  continuous  kilns 
have  appreciated.  Oae  is  the  ability  to  uncover  the  burned 
bricks  when  the  burn  is  completed,  by  taking  off  the  entire 
cover  from  the  kiln  and  thus  allow  it  to  cool  quickly,  and 
allowing  plenty  of  light  and  air  for  the  men  necessary  to 
work  in  the  kiln.  One  great  disadvantage  of  the  continuous 
kiln  today  is  the  fact  that  the  men  have  to  work  in  the  hot, 
dark  kiln  chamber,  isolated  from  the  rest  of  the  operators, 
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«tid  not  directly  tinder  the  eye  of  the  superintendent ;  and 
their  work  probably  costs  more  than  it  would  in  other  parts 
of  the  plant.  In  case  of  the  kiln  with  removable  covers, 
there  is  a  better  place  to  work  and  the  men  are  immediately 
nnder  the  eye  of  the  superintendent. 

With  the  increase  of  speed  whiph  i^  perfectly  practical 
in  connection  with  the  crane,  there  will  be  no  difficulty,  so 
far  as  we  have  been  able  to  judge  by  our  experience  so  far, 
in  providing  extra  kiln  capacity  by  lengthening  the  kiln  in 
the  present  direction,  which  is  in  accordance  with  our  origi- 
nal plans.  It  would  not  be  practical  to  build  another  kiln 
•at  the  other  end,  because  of  the  difficulties  which  Mr.  Lovejoy 
mentioned. 

Prof.  H.  A.  Wheeler:  I  think  Mr.  Fiske  is  entitled  to  the 
highest  compliment  for  the  bold,courageous,  and  very  success- 
ful way  in  which  he  has  started  on  this  new  trail ;  and  I  think 
it  was  unfortunate  that  we  were  so  kindly  invited  to  go  out 
to  inspect  the  plant  when  there  had  been  such  a  limited  time 
in  which  to  get  it  into  smooth,  working  condition,  which 
requires  such  a  long  time  in  any  industry.  We  are  all  aware 
of  the  fact  that  before  any  concern  becomes  money-making, 
besides  the  first  investment  of  capital,  and  the  investment  of 
capital  to  carry  on  the  business,  the  working  capital,  there 
is  another  investment  necessary  which  sometimes  exceeds 
the  other  two,  and  that  is  for  effective  organization.  It  is 
something  which  even  engineers  often  overlook  entirely,  or 
«t  least  largely  neglect  to  take  into  account,  and  which  very 
few  capitalists  ever  realize  the  importance  of.  The  building 
up  of  an  effective  organization  is  something  which  is  seldom 
-done  under  one  year,  and  often  it  requires  several  years.  So 
I  want  to  express  my  hearty  appreciation,  not  only  of  Mr. 
Fiske's  courage,  but  of  the  smooth,  successful  way  he  has 
got  the  plant  in  operation  in  the  very  limited  time  since  the 
construction  was  completed.  While  I  very  much  enjoyed 
Mr.  Lovejoy's  criticisms,  I  must  say  that  Mr.  Piske  is  blazing 
-a  trail  which  is  going  to  prove  of  much  greater  importance 
in  the  future  than  now  appears.  Then  there  is  increased 
insurance  rate,  extra  cost  of  wear  and  tear,  and  similar  items 
which  Mr.  Lovejoy  has  overlooked  as  pertaining  to  the  old 
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method^  which  will  materially  increase  the   comparative 
saving. 

Its  elimination  of  a  large  number  of  laborers  will  in  the 
future  make  it  valuable.  The  labor  problem  is  becoming  a 
very  serious  one  in  this  country,  and  anything  which  tends 
to  eliminate  the  slavery  of  the  walking  delegate  which  is 
going  to  enable  us  to  carry  on  our  business  as  we  may  wish, 
free  from  the  control  of  the  labor  master,  is  going  to  mean 
the  differences  of  success  and  failure.  That  thing  alone,  in 
the  future,  is  likely  to  become  much  more  important  than 
any  mere  slight  saving  above  the  cost  by  another  method. 
The  recent  anthracite  strike  is  a  mere  rumbling  of  the 
battle  ahead.  We  can  always  control  a  few  men.  In  any 
well  managed  organizatioo,  if  the  foreman  has  any  tact  and 
diplomacy,  there  are  always  a  few  reliable  men  who  may  be 
depended  upon.  But  when  it  comes  to  the  control  of  masses 
of  these  laboring  men,  we  are  up  against  a  serious  question. 
As  the  labor  organizations  become  more  and  more  powerful, 
with  leaders  in  some  instances  of  very  high  ability  and 
generalship,  the  question  becomes  more  serious,  and  any- 
thing largely  reducing  labor  perils,  enabling  us  to  get  along 
with  fewer  and  fewer  men,  is  going  to  be  the  only  successful 
way  for  handling  the  labor  problem  in  the  future.  The 
great  engineering  strike  in  England  is  what  really  put  this 
nation  where  it  is  today  in  its  industrial  condition  and  gave 
Germany  the  enormous  advantage  which  it  now  holds,  put- 
ting England  back  to  third  place  where  it  was  unquestion- 
ably first.  It  was  the  walking  delegate  who  caused  Eng- 
land to  drop  behind  to  third  place,  and  it  is  the  walking 
delegate  today  who  is  rapidly  making  America's  industrial 
condition  more  and  more  unsafe,  and  making  capital  more 
and  more  conservative  as  to  engaging  in  manufacturing 
enterprises. 

Professor  Orton :  I  am  not  going  to  attempt  to  discuss 
the  merits  of  Mr.  Piske's  plant,  but  there  are  statements  of 
Mr.  Richardson  and  Professor  Wheeler  which  I  can  not  al- 
low to  pass  undisputed.  I  do  not  believe  that  any  perma- 
nent good  is  going  to  come  to  the  human  race  by  an  at- 
tempt to  accomplish  by  mechanical  effort  what  is  now  done 
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by  hand  labor.  Mankind  is  here  and  mnst  have  a  living. 
Men  mnst  have  a  certain  amonnt  of  physical  exercise, 
a  certain  amonnt  of  work.  Any  way  which  provides 
mechanical  means  of  making  money,  without  depriv- 
ing man  of  the  opportunity  for  work,  is  to  be  commended ; 
but  to  actually  supplant  labor  by  machinery  seems  to  me  a 
superficial  way  of  treating  the  labor  problem.  You  cannot 
perform  work  mechanically  except  by  the  combustion  of 
fuel.  Of  course,  there  is  a  moderate  supply  of  water  power 
which  we  may  use  more  in  the  future,  and  we  may  use 
wind  power  more  than  now.  But  as  things  are  now  con- 
stituted, the  bulk  of  our  power  comes  from  combustion  of 
fuel.  The  heritage  of  fuel  which  we  have  is  something 
which  is  not  growing  and  increasing.  The  fuel  which  we 
are  now  using  is  largely  stored  or  fossil  fuel.  Mr.  Richard- 
son has  stated  that  wherever  it  is  possible  to  do  a  thing  me- 
chanically at  the  same  cost  that  it  can  be  done  by  labor,  it 
should  be  done  by  the  mechanical  method.  I  would  take 
exactly  the  reverse  stand.  I  would  do  by  hand  labor,  every- 
thing which  can  be  done  best  that  way,  and  only  do  by 
machinery  that  which  the  good  of  the  human  race  requires 
to  be  done  in  that  way.  If  in  one  case  a  great  economy  re- 
sults from  mechanical  methods,  so  that  an  industrial  product 
can  be  turned  out  at  a  less  cost,  and  thus  reach  more  people, 
and  provide  more  comfort  to  more  people,  then  let  the 
mechanical  means  be  employed.  But  if  the  cost  of  the  two 
methods  is  just  the  same,  then  I  say  give  labor  the  work. 
Instead  of  attempting  to  get  rid  of  the  slavery  of  the  walking 
delegate  by  substituting  mechanical  means  for  hand  labor, 
rather  try  to  get  closer  to  our  brothers  of  the  laboring  class, 
and  develop  in  them  and  in  ourselves  humanitarian  principles 
and  sane  cooperation,  by  which  alone  a  permanent  improve- 
ment can  be  made. 

Mr.  W.  D.  Richardson :  J  desire  to  correct  a  wrong  im- 
pression which  may  have  been  made  by  what  I  said  awhile 
ago  regarding  hand  labor.  If  a  man  can  make  improve- 
ments in  brick  manufacture  which  will  eliminate  hand 
labor,  even  if  not  effecting  a  great  saving,  I  believe  it  ought 
to  be  done.    It  is  something  which  ought  to  be  done  in 
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manafacturing  lines  all  the  way  through.  If  this  improve- 
ment lessens  labor  and  can  1>e  operated  without  greater  ex- 
pense to  the  company  than  the  employment  of  hand  labor, 
including  of  course,  interest,  repairs  and  depreciation,  it 
ought  to  be  adopted. 

I  base  this  statement  upon  humanitarian  as  well  as 
economical  grounds,  not  with  any  idea  that  the  elimination 
of  hand  labor  is  going  to  solve  the  labor  question,  only  inso- 
much as  the  accomplishment  of  laborious  operations  by  me- 
chanical means  tends  to  elevate  any  industry  and  to  place 
all  who  labor  upon  a  greater  equality.  We  cannot  eliminate 
the  laborer,  and  the  labor  question  must  continue  to  de- 
mand wise  and  careful  consideration.  But  to  increase  the 
production  per  man,  in  any  line  of  work,  and  at  the  same  de- 
crease the  hard  manual  labor  involved,  cannot  but  be  moving 
in  the  right  direction  and  lead  to  a  shortening  of  the  hours 
of  labor  with  greater  comforts  to  all.  Let  no  one  fear  labor- 
saving  inventions.  The  more  that  can  be  accomplished  in 
any  line  with  a  given  amount  of  labor  the  greater  opportun- 
ity, for  development  in  other  lines  and  the  better  for  the 
future  welfare  of  the  people  of  the  whole  world. 

That  is  why  I  am  especially  interested  in  this  attempt 
of  Mr.  Piske's  to  save  the  hard  hand  labor  in  brick  manu- 
facture. Mr.  Lovejoy  has  gone  into  the  question  very  thor- 
oughly— I  knew  he  would — and  we  have  a  very  fair  estimate 
of  what  may  be  expected  from  the  new  system  which  Mr. 
Fiske  has  developed.  Of  course,  in  the  figures  which  Mr. 
Fiske  has  given  us  in  regard  to  the  drier,  kiln,  etc.,  there  is 
nothing  especially  pertaining  to  the  Fiske  system.  The  cost 
of  drying  brick  has  not  been  greater  by  the  car  system,  nor  is 
the  cost  of  burning  greater  in  other  continuous  kilns.  One 
point  I  thought  of  yesterday  which  I  want  also  to  bring  out, 
and  that  is  the  fact  that  the  success  of  his  system  is  not  en- 
tirely dependent  use  of  his  continuous  kiln.  Any  open  top 
continuous  kiln  of  sufficient  width  could  be  used,  or,  the 
labor  of  handling  the  brick  could  be  saved  by  setting  in  the 
same  manner  in  an  updraft  kiln.  Of  course,  such  updraft 
kiln  must  have  permanent  arches  under  a  permanent  perfor- 
ated floor.    He  could  set  a  large  kiln  of  brick  of  several 
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hundred  thousand  and  still  have  a  saving  in  the  labor  of 
setting  the  brick. 

At  this  point,  however,' we  come  to  a  stop  in  our  calcu- 
lations, for  the  difficulties  of  this  system  now  begin,  and  we 
are  in  doubt  about  their  being  entirely  overcome.  There  is 
nothing  impracticable  in  handling  1600  or  more  brick  with 
a  crane,  picking  them  up  and  setting  them  down  wherever 
desired  along  the  line  of  its  travel.  So  that  there  is  need 
of  no  further  demonstration  after  what  we  saw  yesterday 
to  prove  that  brick  can  be  set  by  this  method  cheaper  than 
by  hand.  The  greater  problem,  which  I  am  unable  to  say 
yet  has  been  successfully  solved,  is  to  construct  a  continuous 
kiln  that  will  permit  of  being  set  in  this  manner  and  give 
good  burns;  or  to  construct  any  kiln  in  which  brick  from  or- 
dinary clays  can  be  burned  to  a  good  degree  of  hardness  and 
the  brick  so  evenly  spaced  in  their  original  position  that 
they  can  be  picked  up  again  without  serious  difficulty  by 
the  fingers  of  the  crane.  When  it  has  been  proven  that  this 
can  be  done  the  system  will  be  a  success  and  will  be  sought 
after  by  others,  and  become  an  important  factor  in  the  brick 
business.  I  shall  watch  the  solution  of  this  problem  with  a 
with  a  great  deal  of  interest.  It  is  up  to  Mr.  Piske,  and  I 
wish  him  all  success. 


THE  DEVELOPMENT  OF  THE  ^MATT''  GLAZE. 

BY 
CHABIiES  F.  BiNNS,  M.  8C. 

Some  forty  years  ago,  Mr.  R.  W.  Binns,  my  late  honored 
father,  then  the  Director  of  the  Royal  Worcester  Porcelain 
Works^  conceived  the  idea  of  covering  the  brilliant  surface 
of  a  porcelain  glaze  with  a  semi-lustroas  or  texture  color. 
The  intent  was  to  check  the  stjXMig^  reflections  of  a  shining 
glaze  and  to  impart  a  soft  >(meen  which  would  combine 
harmoniously  with  furniture  and  drapery.  The  specimens 
executed  were  shown  to  certain  buyers  who  refused  to 
acknowledge  in  them  any  merit  whatever.  Nothing  daunted, 
the  originator  set  the  work  aside,  saying  that  some  day  it 
would  be  sought  after. 

T\e  prophecy  was  fulfilled  about  fifteen  years  later. 
Dead  surface  ware  was  demanded  and  produced  with  an 
unparalleled  success  which  lives  in  the  memory  of  many, 
and  which  resulted  in  the  term  "  Royal  Worcester "  being 
regarded  as  synonymous  with  dead  or  matt  colors« 

The  idea  of  dull  surface  was  taken  up  by  artists,  to 
whom  it  specially  appealed.  Architects  specified  dead  glaze 
for  interior  tile  work  as  well  as  terra  cotta,  and  manufacturers 
all  over  the  world  sought  to  supply  the  need.    ; 

A  variety  of  expedients  were  resorted  to  in  order  to 
produce  the  required  dullness.  The  attack  of  fluoric  vapors, 
abrasion  by  sand-blast,  an  immature  glaze,  have  all  been 
tried,  and  it  is  not  to  be  wondered  at  that  manufacturers 
who  have  had  no  other  resource  have  abandoned  the  pursuit 
in  despair. 

When  I  began  to  investigate  the  problem,  the  thought  of 
devitrification  was  present.  It  is  well  known  that  a  highly 
acid  glaze,  low  in  alumina,  will,  if  cooled  slowly,  lose  its 
gloss,  presenting  a  surface  more  or  less  dead  and  sometimes 
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even  iridescent  But  experiments  embodying  this  idea  did 
not  succeed,  probably  because  an  attempt  was  made  to  bum 
the  glazes  in  a  general  kiln  and  the  cooling  was  not  slow 
enough. 

The  matter  stood  at  this  point  when  the  date  of  our  last 
annual  meeting  came  around.  On  that  occasion  Francis  W. 
Walker  presented  his  paper  on  copper  greens.  Among  his 
numerous  examples  there  was  one  which  started  a  train  of 
thought  the  end  of  which  is  not  yet. 

This  glaze  differed  in  appearance  from  others  in  the 
same  series^  by  reason  of  the  fact  that  it  possessed  a  delicate 
texture  surface.  Not  merely  dull  but  soft  and  silky.  The 
touch  brought  back  vividly  the  memory  of  the  Worcester 
ivory,  and  perhaps  this  helped  to  deepen  the  impression. 
Turning  to  the  formula  of  the  glaze  in  question  it  was  found 
that  the  essential  difference  from  its  fellows  la}'  in  the  content 
of  AI2O3.  This  stood  at  .35  and  the  figure  opened  anew 
world. 

In  passing,  one  may  point  out  that  this  fact  is  a  remark- 
able illustration  of  the  value  of  thinking  in  formulae.  •#  By  no 
other  possible  means  could  it  be  known  that  the  figure  was 
at  all  unusual  at  the  heat  used  or  would  it  have  conveyed 
any  idea. 

That  night  the  matter  was  turned  over  and  pondered, 
even  to  the  **wpe  sma*  'oors"  —  **  Alumina  0.35"  repeated 
itself  over  and  over  until  the  resolve  was  taken  that  the 
point  should  be  threshed  out. 

Several  questions  presented  themselves — 

1.  Does  the  alumina  content  govern  the  production 
of  texture  ? 

2.  Will  the  same  alumina  content  produce  the  same 
result  with  different  bases  ? 

3.  How  far  will  the  acid  content  affect  the  result  ? 

4.  To  what  physical  or  chemical  cause  is  the  texture 
due? 

As  a  means  of  answering  these  questions  the  following 
base  combinations  were  arranged : 
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1    PbO 0.7  2    PbO 0.7 

CaO 0.8  CaO 0.2 

ZnO 0.1 

3    PbO 0.6  4    PbO 0.56 

CaO 0.2  CaO 0.aO 

ZnO 0.2  K,0 0.16 

6  PbO 0.5  6    PbO 0.5 

CaO 0.8  CaO :.  0.2 

ZnO 0.2  ZnO 0.2 

K,0 0.1 

7  PbO 0.6  8    PbO 0.5 

BaO 0.2  CaO 0.2 

ZnO 0.2  BaO 0.2 

K.O 0.1  K,0 0.1 

9    PbO 0.6  10    PbO 0.5 

CaO 0.2  CaO 0.1 

BaO 6.2  BaO 0.1 

ZnO 0.1  ZnO 0.2 

K.O 0.1 

Bach  of  these  bases  was  made  up  in  two  extremes,  one 
having  alnmina  0.25  and  the  other  alumina  0.50,  the  con- 
tent of  silica  being  maintained  at  1.60,  the  amount  in  the 
Walker  glaze. 

All  the  mixtures  were  made  as  raw  glazes  and  gronnd 
in  a  ball-mill.  It  will  at  once  be  seen  that  the  idea  here  was 
to  find  the  content  of  alumina  which  produced  the  best 
texture  with  each  base.  The  specimens  shown  consist  of 
the  two  extremes  and  the  best  intermediate  in  each  series. 
The  composition  of  each  mix  is  given.  The  extremes  were 
weighed  up  and  ground.  They  were  then  dried  and  the 
proportionate  equivalents  weighed  out.  ,  Mucilage  was  freely 
used  in  order  to  secure  a  thick  body  of  glaze,  and  the  trial 
pieces  consisted  of  tile  furnished  by  the  Beaver  Falls  Art 
Tile  Co.  All  except  the  first  series  were  fired  flat,  the  heat 
throughout  being  cone  01. 

It  is  due  partly  to  the  nature  of  the  body  and  partly  to- 
the  horiaontal  position  that  so  many  of  the  glazes  have 
tucked  and  parted.    Similar  glazes  upon  upright  snrfiiceft^ 
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and  plastic  bodies  have  been  entirely  free  from  this  trouble, 
but  it  may  be  mentioned  here  that  the  difficulty  almost 
always  occurs  in  drying.  If  a  matt  glaze  be  cracked,  or  at 
all  imperfect  on  entering  the  kiln,  it  will  be  unable  to  correct 
the  fault.  But  if  it  be  sound  when  dry,  it  will  in  all  proba- 
bility remain  sound  when  burned. 

The  following  table  indicates  the  appearance  of  each 
glaze  and  the  content  of  alumina  at  which  the  best  surface 
was  found,  not  always  good,  of  course,  but  the  best  of  its 


series : 

• 

No. 

Lower  Extreme 
A1,0,  0.S5 

Best 
Intermediate 

Higher  Extreme 
Al.O,  0.50 

1 

Semi  bright 

Slight  scum,  harsh 
A1,0,  0.876 

Parted 

2 

Nearly 

bright 

Dull  matt,  parted 
A1,0,  0.376 

Parted,  dead 

3 

Bright, 

scummed 

Good  matt,  parted 
A1,0,  0.375 

Quite  dead 

4 

Bright, 

immature 

Good  matt,  but  scummed 
A1,0,  0.36 

Quite  dead 

5 

Bright, 

Immature 

Dead  matt 
A1,0,  0.875 

Quite  dead 

6 

Bright  but 
sluggish 

Gk)od  matt,  slight  scum 
AlaO,  0.875 

Matt  but 

parted 

7- 

Dead 

*  Dead  matt,  good  face 
Al.Oa  0.375 

Parted, 

infusible 

8 

Fine  matt 

Dead  matt 
AljO,  0.276 

Dead 

9 

Good  matt 

Fine  matt 

AI2O3  o:ssi» 

Dead,  parted 

10 

Scummed 

matt 

Good  matt 
A1,0,  0.86 

Quite  dead 

Reviewing  the  above  it  will  be  seen  that  the  more  com- 
plicated bases  give  the  best  results,  and  that  the  alumina 
content  for  a  good  matt  is  always  close  to  the  figure  0.35, 
varying  slightly  with  the  fusibility  of  the  base.  The  glazes 
being  raw,  barium  must  be  considered  as  less  fusible  than 
calcium.    Barium  seems  to  contribute  towards  a  fine  silky 

6  Cer. 
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texture,  but  will  not  carry  quite  so  milch  alumina  as  calcium. 

Assuming  from  these  results  that  AI2O3  0.35  was  about 
the  most  favorable  content,  certain  other  points  were  pursued: 

No.  11  Interchange  of  bases.  Two  glazes  11-1  and 
11-4  were  made  up  and  blended.    The  RO's  were 


11-1  {  CaO    0^6       ^'^d       1^-4  i   ^^^   ^•' 


while  the  alumina  and  silica  were  0.35  and  1.60  respectively 

in  both  glazes. 

Three  examples  from  the  series  are  shown : 

No.  11-4  is  a  dead  matt  with  a  beautiful  crystal  developed 

in  the  surface,  working  the  glaze  into  a  "crocodile  skin" 

texture. 

No.  11-2  has  the  formula 


PbO  0.5751 

CaO  0.170 

K.O  0.135' 

ZqO  0.120. 


Al.O,  0.35    810,  1.60 


and  is  a  fine  matt  glaze. 

No.  11-3  is  also  a  good  matt,  but  badly  parted,  due  to 
drying  cracks.     The  formula  is : 

PbO   0.57501 

K*0    oim<  ^1«^«  ^'^    810,  1.60 
ZnO    O.IOOOJ 

Of  series  12,  compounded  on  similar  lines,  three  speci- 
mens are  given : 

No.  12-1,  an  interesting  crystal  glaze,  bright  rather  than 
matt,  contains 

PbO   0.575) 

CaO    0.200  VAlaO,  0.85   SiO,  1.60 
ZnO    0225) 

No.  12-2,  a  beautiful  texture  matt,  has 
PbO   0.576^ 

ZnO    0.m]  A1»0«  ^'^  «1^»  !•«> 
K,0    O.O90J 

and  No.  12-3,  a  very  fine  matt,  has 


PbO   0.575) 

CaO    0.200  VAl.O,  0.85   610.  1.60 

K.O    0.225  J 
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The  next  point  to  present  itself  was  the  inflaenjce  of 
silica  upon  a  glaze  which  possessed  the  constitution  of  a 
matt. 

To  throw  light  upon  this  the  following  series  was  laid 
down: 

No.  13    PbO  0.51  ,  gjQ    2.6  (higher  extreme) 

K  OO.lJ  ^^^^»  ^'2  (lower  extreme) 

m 

The  latter  of  these  gave  a  good  matt  as  was  expected, 
the  former  showed  a  distinct  brightening  of  the  surface  and 
increased  mobilityi  the  significance  of  which  will  be  pointed 
out  later. 

The  best  intermediate  contained  SiO^  1.95. 

The  behavior  of  barium  in  the  earlier  trials  had  suggested 
that  with  this  base  a  lower  content  of  alumina  would  be 
advisable.    A  new  series  was  therefore  made  up. 


No.  14   PbO  0.31 
CaO  0.2 
BaO  0.3 
.    ZnO  0.2  J 


Al^Oa  0.40  (higher  extreme) 

to  {siOj  1.6 

AljO,  0.16  (lower  extreme) 


These  are  shown,  together  with  an  intermediate  carry- 
ing AlsOg  0.225.  The  last  named  is  somewhat  hard;  the 
lower  extreme  is  a  good  matt,  but  the  higher  is  perfectly  dry. 

Yet  another  series  had  for  its  objective  the  interchange 
-of  barium  and  calcium : 

No.  15-1  contains 


A1,0,  0.86   810.  1.60 


PbO 
CaO 
ZnO 
K,0 

0.41 
0.3 
0.2 
0.1  J 

No. 

15-2  has 

PbO 
BaO 
ZqO 

0.41 

0.8 

0.2 

K,0   0.1 


Al.O,  0.36  810,  1.60 


The  difference  is  very  marked.  No.  16-1  is  a  good  matt 
though  parted  from  drying  cracks,  15-2  is  hopelessly  harsh 
and  dry,  while  the  best  intermediate,  carrying  CaO  0.18  and 
BaO  0.12  is  scarcely  fnsed  to  a  texture. 
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Reverting  now  to  the  questions  propounded  at  the 
beginning  of  this  paper,  the  enquiry  may  be  made  as  to- 
whether  satisfactory  answers  have  been  found. 

The  scope  of  the  enquiry  has  been  somewhat  limited,  in 
that  the  influence  of  alumina  has  been  pursued  almost  ta 
the  exclusion  of  other  points,  perhaps  equally  important. 
That  alumina  has  a  very  large  part  to  play  in  the  production 
of  matt  glazes  is  undoubted.  So  far  as  this  enquiry  has 
gone,  it  may  be  said  to  have  the  most  important  part  of  any 
glaze  constituent.  In  fact,  that  a  good  texture  matt  can 
always  be  produced  by  excess  of  alumina.  What  "  excess'^ 
means  depends  upon  the  base  used  on  the  one  hand  and 
upon  the  acid  content  on  the  other.  Different  base  combi- 
nations  require  different  contents  of  alumina,  but  within 
comparatively  narrow  limits.  Lead  seems  indispensable  but 
an  excess  is  injurious.  Zinc  is  very  desirable  as  are  also- 
potash  and  lime.  Barium  would  probably  act  differently  if 
fritted.  In  the  raw  state  it  does  not  seem  reliable,  though  it 
enables  the  alumina  to  be  reduced  in  amount. 

The  influence  of  silica  is  instructive.  The  addition  of 
even  a  small  amount  to  a  matt  glaze  will  brighten  the  sur- 
face, pointing  to  the  probability  that  the  matt  texture  is  due 
to  particles  of  alumina  which  have  been  rejected  by  the 
glaze  composition,  but  which  are  siezed  upon  by  the  extra 
modicum  of  silica  and  brought  into  combination.  This 
point  will  throw  light  upon  the  last  question — the  physical 
or  chemical  cause  of  the  matt  texture.  In  the  first  place  it 
is  certain  that  it  is  not  caused  by  flotation.  This  is  the 
difference  between  texture  and  scum.  A  good  texture  glaze 
is  the  same  throughout  its  substance,  the  rejected  particles 
are  not  thrown  to  the  surface.  Again,  the  texture  is  not  due 
to  immaturity.  Some  of  these  glazes  have  been  fired  to 
cone  9  without  losing  their  quality. 

I  believe  that  the  matt  is  caused  by  a  disarrangement 
of  the  chemical  relationship  which  exists  between  glaze 
constituents  under  normal  conditions.  While  on  the  one 
hand  an  excess  of  acid  may  afford  a  texture  by  devitrification, 
which  is  only  a  name  for  the  appearance  caused  by  a  rejec- 
tion and  separation  of  particles  of  silica,  so,  on  i^milar  bat 
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opposing  lines,  another  and  different  texture  may  be  caused 
by  an  excess  and  conse(][uent  rejection  of  basic  molecules. 

The  stability  of  the  fired  glazes  has  not  been  touched 
tipon  in  this  investigation.  Some  texture  glazes  are  subject 
to  decomposition  from  atmospheric  influence,  and  they  may 
be  tested  with  acid  vapors,  but  in  the  experiment  undertaken 
here  this  has  not  been  done. 

DISCUSSION. 

Mr.  £.  C,  Stover:  Mr.  Walker,  I  will  ask  you  whether, 
in  the  series  of  trials  you  made  last  year,  you  put  through 
a  series  without  color,  in  the  various  glazes  included  in  your 
oxide  of  copper  tests? 

Mr.  Walker:  I  did  not.  I  don't  think  the  small  per- 
<^entage  of  copper  in  my  experiments  would  have  had  any 
appreciable  eflFect.  I  think  it  would  be  found  that  the  glaze 
without  the  copper  would  be  very  much  the  same  as  with  it. 
I  judge  that,  from  looking  at  Professor  Binns'  trials  which 
have  been  handed  around. 

Mr.  Thomas  Gray:  Three  or  four  weeks  ago  I  had 
some  matt  glazes  which  I  did  not  want.  It  was  brought 
about  by  firing  very  rapidly  with  soft  coal,  only  using  about 
twelve  hours  start  to  finish.  About  one-half  the  kiln  came 
out  fairly  good,  but  the  rest  was  quite  matt. 

Mr.  Karl  Langenbeck:  It  seems  to  me  hard  to  discuss 
such  a  paper,  because  it  deals  with  matters  of  fact  along  a 
particular  line,  but  a  small  part  of  the  line  being  covered. 
Professor  Orton  recently  conducted  a  line  of  experiments 
with  glasses,  and  I  think  he  could  possibly  throw  some  light 
tipon  the  question,  whether  in  an  amorphous  silicate,  if  the 
relations  of  alumina  to  silica  are  fixed  within  certain  limits, 
the  excess  of  alumina  is  thrown  out  and  remains  in  the 
glaze ;  or  whether,  on  the  other  hand,  the  limits  are  exceeded 
in  point  of  silica  and  whether  the  silica  is  thrown  out  in  a 
crystalline  state? 

The  other  question  which  comes  up  is  the  one  indicated 
by  the  president,  upon  which  Mr.  Walker's  immediate  ex- 
periments do  not  seem  to  throw  much  light ;  but  Mr.  Grueby 
lias  stated  to  me  that  in  his  experiments,  the  cupric  oxide 


\ 


68  THE  DBVBIjOPMBMT  of  the  matt  GliAZB. 

undoubtedly  interfered  with  this  behavior.    The  question  is 
whether  other  oxides  are  substitutaMe  for  alumina? 

Edward  OrtoUy  Jr. :  We  all  feel  the  impossibility  of 
giving  anything  like  an  adequate  discussion  of  a  paper  like 
this.  It  simply  emphasizes  the  fact  that  if  we  are  going  to 
do  high  grade  work  in  the  way  of  discussing  papers,  we 
must  have  them  printed  and  sent  to  the  members  in  advance^ 
so  we  may  be  prepared  to  discuss  them.  No  one  can  discuss 
a  piece  of  work  as  painstaking  as  this,  without  giving  it 
some  study. 

Regarding  the  experiments  with  glass  to  which  reference 
has  been  made,  I  would  say  that  they  do  not  suggest  anything 
in  this  connection,  except  the  one  fact  that  alumina  does  not 
always  seem  to  assist  in  the  production  of  mattness ;  but,  on 
the  other  hand,  may  frequently  powerfully  assist  in  the 
production  of  glassiness.  That  principle  was  first  stated  by 
Mr.  Langenbeck  in  his  book,  when  he  called  attention  to 
the  difference  between  glasses  and  glazes,  i.  e. ,  that  in  the 
glass,  the  ware  is  cooled  so  suddenly  that  no  chance  for  de- 
vitrification is  given,  and  alumina  is  therefore  not  needed 
and  is,  in  fact,  either  low  in  amount  or  altogether  absent, 
while  in  the  glaze,  it  is  only  by  the  use  of  alumina  that 
we  can  prevent  devitrification  during  the  long  cooling  in  the 
kiln.  I  do  not  remember  having  seen  elsewhere  in  ceramic 
literature  this  distinction  so  sharply  drawn  as  Langenbeck 
made  it  there.  One  of  my  glasses  produced  last  year  showed 
this  point  beautifully.  It  was  a  series  of  glasses  in  which  I 
had  been  persistently  reducing  the  silica  contents.  I  started 
with  RO,  2.6  SiO],  and  reduced  the  SiO)  one-half  equivalent 
at  a  time  to  a  very  basic  glass,  RO,  0.5  SiOa.  The  basic 
mixtures  were  not  like  glasses ;  they  were  more  like  stones. 
I  then  tried  adding  alumina  to  one  of  these  same  stony  basic 
slags.  The  first  addition  reduced  the  stony  condition  greatly; 
the  second  produced  a  beautiful  clear  glass.  In  the  third 
addition,  the  glass  had  gone  beyond  the  point  of  maximum 
fusibility,  and  particles  of  white  unfused  matter  were  floating 
around  in  the  clear  matrix  of  the  glass.  Further  additions 
of  alumina  made  it  stony  a^ain.  There  seemed  to  be  a 
point  where  alumina  made  a  stony  basic  slag  into  a  perfect 
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glass,  but  also,  it  seemed  equally  clear  that  too  much  alumina 
converted  the  glass  back  to  the  stony  condition  again. 

I  value  Professor  Binns'  paper  very  highly,  and  shall  value 
it  more  as  I  have  opportunity  to  study  it.  I  have  never  done 
much  experimenting  along  this  exact  line  myself.  I  had 
one  student  who  pursued  the  subject  last  summer  for  two 
months  in  a  somewhat  desultory  fashion.  He  started  to 
make  a  matt  glaze,  and  attacked  the  problem  from  several 
diflFerent  points  of  view.  He  first  tried  to  determine  whether 
mattness  came  easier  from  extremely  basic  or  extremely  acid 
glazes,  and  he  came  to  the  conclusion  that  it  was  easier  to 
make  a  matt  from  the  basic  end  of  the  series.  The  general 
formula  of  the  glaze  he  finally  reached  was  something  not 
far  from  where  Professor  Binns  wound  up ; — about  thirty-five 
hundredths  of  alumina,  and  one  and  a  half  of  silica.  While 
this  work  was  merely  the  work  of  a  student,  the  same  general 
ratio  is  borne  out  by  his  results. 

The  Chair:  To  what  temperature  did  this  student  carry 
his  experiments? 

Professor  Orion:     Nought  two. 

Tlie  Cliair:    And  Binns',  nought  one. 

Mr,  T/ios.  Gray:  Series  Four  of  Binns'  trial-pieces 
seems  to  have  a  strong  resemblance  to  the  defective  ware 
we  got,  and  we  decided  a  few  days  ago  that  more  fire  would 
be  beneficial,  and  yesterday  sent  them  to  the  kiln  to  be  fired 
again.  They  seem  to  be  much  like  one  of  these  samples  of 
Mr.  Binns'  We  redipped  a  few,  and  they  seemed  to  come 
out  all  right;  so  we  sent  the  whole  lot  down  yesterday  to  be 
fired  again.  The  kiln  was  fired  so  rapidly  on  account  of 
burning  soft  coal;  our  burners  were  not  used  to  such  a  fuel 
and  let  the  heat  get  away  from  them. 

Mr.  Karl  Langenbeck :  Of  course  it  is  possible  that  with 
the  glaze  having  a  tendency  to  devitrify  if  the  conditions  of 
firing  were  not  closely  maintained,  devitrification  of  the  glaze 
would  explain  the  phenomenon  you  speak  of.  On  the  other 
hand,  I  have  seen  a  raw  glaze  when  fired  with  a  very  sulphur- 
ous coal,  take  on  a  slight  scum  of  lead  sulphate  on  the  surface . 
I  think  a  good  many  phenomena  might  look  like  this,  and 
still  come  from  very  different  causes. 
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I  merely  point  out  these  differences,  because  I  think  it 
would  be  to  the  ^eat  interest  of  the  members  to  get  some 
kind  of  a  classification  of  crystalline  or  amorphous  separations 
from  glass.  In  the  first  place,  we  need  some  nearer  defini- 
tion of  glass  than  that  of  an  amorphous  silicate,  which  is 
very  broad;  then  some  information  as  to  the  kinds  of  separa- 
tion which  take  place.  There  is  such  a  phenomenon  as  the 
separation  in  crystalline  form  of  an  oxide  which  has  super- 
saturated the  glaze,  as  in  crystals  of  chromic  oxide  in  chrome 
aventurine.  Also,  there  is  the  separation  of  sulphates  from 
the  glaze  in  crystalline  form.  There  is  the  beautiful  crystal- 
line separations  of  which  so  much  artistic  use  has  been  made 
recently  by  the  Royal  Copenhagen  works,  and  again  the  sep- 
aration of  alumina  in  matt  glazes.  I  should  like  to  ask  if 
anyone  has  made  any  observations  on  these  lines,  as  to  a 
possible  classification? 

Mr.  Stanley  G.  Burt:  I  think  a  still  further  possible  ex- 
planation of  Mr.  Gray's  trouble  is  that  the  rapid  firing  may 
have  brought  about  a  reducing  effect.  If  he  had  a  certain 
per  cent  of  lead  in  his  glaze  and  had  a  smoky  fire,  he  might 
have  reduced  it,  and  got  a  matt  surface.  He  could  then  put 
it  back  in  the  kiln,  and  get  it  all  right. 

Mr,  Gray:  But,  we  have  put  it  in  again,  without  doing 
anything  to  it. 

Mr,  Burt:  You  re-oxidize  it,  by  refiring  it,  and  thus 
overcome  the  reduction  of  the  first  burn.  I  am  a  little  dis- 
appointed that  Professor  Binns  did  not  go  into  the  crystal- 
line structure  of  the  matt  glaze,  and  I  agree  with  Mr.  Lan- 
genbeck  that  it  is  a  great  field  for  study.  We  are  undoubt- 
edly getting  at  it  more  and  more  closely.  The  crystals  of 
the  Copenhagen  ware  are  zinc  crystals,  as  I  know,  and  I  also 
know  of  chromium  crystals.  The  matt  glazes  which  have 
come  under  my  observation  are  almost  invariably  traceable 
to  crystalline  effect.  I  rather  get  from  Mr.  Binns'  paper, 
tho  it  is  a  little  hard  to  follow  such  a  paper,  that  he  has  still 
in  his  mind  some  suggestion  of  suspension  of  alumina  parti- 
cles. To  my  mind,  it  is  not  a  question  of  suspension  purely, 
but  more  of  crystallization;  and  in  the  study  of  the  different 
glaze-crystals  we  arrive  at  the  explanation  of  the  different 
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grades  of  mattness.  For  instance,  no  one  would  call  the 
•Copenhagen  glaze,  however  beautifully  and  completely  crys- 
tallized, a  matt  glaze.  Nor  would  you  call  a  piece  of  the 
<:hrome-iron  glaze,  matt;  nor  would  you  call  the  Italian 
mosaic  glass  (aventurine)  which  is  now  made  in  New  Jersey, 
I  understand,  a  matt  glaze.  But,  I  feel  that  the  matt  glazes 
shown  here  by  Professor  Binns  are  very  probably  due  to  the 
fact  that  there  are  a  number  of  base^^  all  crystallizing  out  to- 
gether, giving  in  that  way  a  great  mass  of  broken  crystals 
together. 

TAe  Chair:  Have  any  of  the  members  had  a  chance  to 
examine  these  samples  of  Professor  Binns'  under  a  high 
power  glass. 

Professor  Edward  Orton^Jr.:  Some  few  of  these  crystals 
-can  be  seen  by  the  naked  eye;  but  I  think  the  crystalline 
formation  of  matt  glazes  must  be  proved  by  slicing  and  grind- 
ing, and  then  examining  under  a  microscope,  rather  than  by 
external  appearance. 

Mr.  Karl  Langenbeck :  Some  very  interesting  studies  have 
recently  been  made  on  the  crystallization  of  alloys  of  copper 
and  aluminum;  and  the  character  of  the  alloys  was  brought 
out  in  a  very  interesting  manner,  by  photographing  the  sec- 
tions and  projecting  by  means  of  a  lantern  on  a  screen.  I 
think  the  suggestion  is  a  very  meaty  one;  and  if  some  one 
having  a  connection  with  a  minerologist  who  has  a  rock  sec- 
tioning apparatus,  is  willing  to  prepare  some  of  these  for 
projection  upon  a  screen,  I  think  some  very  interesting 
things  would  appear. 

Professor  H.  A.  Wheeler:  I  think  Mr.  Burt's  opinion  of 
Mr.  Gray's  trouble  is  probably  right.  He  likely  had  a  re- 
ducing action.  We  also  may  have  overlooked  the  fact  that 
in  glazes  where  there  is  a  high  percentage  of  alkaline  earths, 
^nd  the  glaze  is  nearly  saturated  with  them,  letting  the  fires 
go  up  and  down  may  result  in  crystalizing  out.  It  is  less 
likely  to  occur  than  the  other  explanations,  but  still  that  con- 
dition of  affairs  might  arise  in  a  kiln  being  burned  by  a  care- 
less burner,  who  did  not  keep  his  fires  uniform. 

Mr.  Isaac  Hardy:  I  understood  Professor  Binns  to  say 
«that  lead  is  indispensable  to  a  matt  glaze.     The  glaze  I  am 
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using  to  make  what  my  firm  calls  satin-finish  brick,  consists 
of  feldspar,  flint,  zinc  oxide,  calcium  carbonate,  and  is  burned 
up  to  cone  six,  and  it  will  stand  burning  to  cone  ten  and  still 
give  a  matt  finish.  We  take  ten  to  twelve  days  to  cool  the 
kiln  off.  On  some  bodies,  this  glaze  will  come  bright;  on 
other  bodies  it  will  come  matt;  and  again  it  will  come 
semi-bright. 

Professor  Wheeler:     Is  you  lime  pretty  high? 

Mr.  Hardy:  I  don't  recollect  just  what  it  is.  It  is  not 
very  high — there  is  about  forty  per  cent,  of  feldspar,  I  be- 
lieve. If  I  had  had  copies  of  these  papers  beforehand  I  would 
have  come  prepared  to  discuss  them.  But  as  this  is  my  first 
meeting,  I  did  not  know  what  line  of  proceedure  would  be 
followed,  or  I  should  have  come  fully  prepared  to  talk. 

Mr,  Karl  Langenbeck :  The  statements  of  the  last  speaker 
remind  me  of  some  experiments  I  made  a  number  of  years 
ago,  starting  with  Seger  cone  four  as  a  basis  for  hard-fire  col- 
ored glazes.  I  recollect  I  substituted  zinc  oxide — small 
amount  at  that — for  the  lime,  which  in  general  would  pro- 
duce a  glaze  similar  to  what  Mr.  Hardy  describes;  and  I  got 
matt  glazes  then.  And  in  connection  with  this  matter,  I 
particularly  noticed  in  the  glazes  stained  with  oxide  of  man- 
ganese and  oxide  of  copper,  that  the  turbidity  and  texture 
of  the  matt  glaze  is  more  conspicuous  than  in  any  of  the 
others. 

Mr.  Isaac  Hardy:  I  do  not  get  my  matt  finishes  by  the 
addition  of  alumina,  but  rather  by  the  addition  of  silica.  We 
have  one  glaze  which  comes  quite  bright,  but  by  the  addi- 
tion of  silica  it  changes  to  a  matt  finish. 

Professor  Orton:  I  think  we  all  realize  that  mattness 
may  proceed  from  a  number  of  different  causes.  I  think  con- 
fusion has  been  brought  about  by  considering  lead  glazes  on 
the  one  hand,  and  another  type  of  crystalline  glazes  on  the 
other.  They  are  not  at  all  alike.  In  Bristol  glazes  such  as 
Mr.  Hardy  and  Mr.  Langenbeck  have  just  described,  the  ef- 
fect may  be  reached  by  the  addition  of  silica,  while  in  lead 
glazes,  it  is  reached  by  diminishing  the  silica.  The  same 
laws  do  not  hold  good  for  both  kinds  of  mattness. 
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Mr.  Karl  Langenbeck:  Is  not  the  relation  of  alumina  to 
silica  a  question  of  temperature?  Say  the  firing  is  from  cone 
nought  five  to  cone  nought  one:  in  that  case,  starting  with 
enough  alumina  to  prevent  devitrification,  that  is,  the  crystal* 
lizing  out  of  the  silica  under  long  fire,  the  matt  glaze  would 
be  produced  by  adding  an  excess  of  alumina.  But  in  the  case 
of  a  Bristol  glaze,  fired  from  cone  six  to  eight  or  nine,  while 
you  have  a  large  alumina  content  in  comparison  with  the 
alumina  content  in  the  lead  glaze,'  yet  it  is  in  all  probability 
nearer  to  the  devitrification  point.  If  the  proportion  of  alu* 
mina  to  silica  is  not  high  enough,  a  small  increase  in  silica 
brings  about  the  result  mentioned.  We  must  take  tempera* 
ture  into  consideration. 

Mr.  Alfred  Yates:  I  will  give  a  little  experience  I  had 
in  Johnsonburg.  I  had  succeeded  in  getting  a  very  bright 
glaze  and  I  gave  a  copy  of  the  receipt  to  a  friend  in  New  York* 
He  put  it  on  his  body,  and  got  a  dull  finish — the  most  beau- 
tiful glaze  I  ever  saw.  He  used  the  same  glaze,  the  same 
quantities  of  the  ingredients,  but  used  on  two  different  bodies^ 
the  results  were  entirely  different. 


DEATH  VALLEY,  CALIFORNIA,  AND  ITS  BORAX 

INDUSTRY* 

By  Edward  Habt,  Ph.  D.,  Easton,  Pa. 

The  Chair,  Gentlemen,  we  are  assembled  here  to  listen 
to  a  lecture,  illustrated  by  lantern  views  on  the  screen,  by  Pro- 
fessor Edward  Hart,  Professor  of  Chemistry  at  Lafayette  Col- 
lege, Easton,  Pa.,  and  last  year  elected  a  member  of  this  so- 
ciety. Many  of  you  are  acquainted  with  Professor  Hart,  by 
reputation  if  not  personally,  and  those  who  have  not  had  the 
pleasure  of  a  personal  acquaintance  with  him  have  missed  one 
of  the  good  people  of  the  profession.  We  will  now  listen  to 
Professor  Hart.     (Applause). 

Dr.  Hart:  Gentlemen  of  the  Ceramic  Society. — For 
several  years  my  friend  Mr.  Stover  has  been  sending  me 
every  year  about  Christmas  time  some  beautiful  product  of 
their  factory  at  Trenton,  and  every  time  there  has  been  a  meet- 
ing of  the  Society,  he  has  asked  me  for  a  paper.  This  year 
there  was  no  present,  and  when  Professor  Orton  asked  me 
for  a  paper,  I  took  the  hint  and  will  give  you  the  best  I  have. 

The  country  I  am  going  to  speak  of  is  a  very  peculiar 
country.  Before  speaking  of  Death  Valley,  I  shall  take  the 
liberty  of  saying  a  word  about  Adamant  and  the  big  trees 
there.  While  silica  is  one  of  the  materials  of  the  potter,  it  does 
not  seem  likely  that  we  will  ever  be  making  commercial 
ware  out  of  petrified  trees.  But  as  this  discourse  is  only 
semi-scientific,  I  will  bring  it  in  on  this  pretense. 

In  all  this  southwestern  country,  the  light  is  very  strong 
due  to  the  absence  of  moisture  from  the  atmosphere,  and,  not 
being  accustomed  to  photographing  under  such  conditions, 
my  pictures  are  all  over  exposed.  On  these  deserts  the  sur- 
face soil  has  little  or  no  covering,  and  the  wind  and  rain  have 
an  excellent  chance  to  play  liavoc.  So  it  happens  that  while 
the  rainfall  is  small,  yet  coming  as  it  does  in  heavy  down- 
pours, it  causes  heavy  erosion.    The  whole  surface  being  ex- 
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posed,  anything  that  can  be  carried  off  by  water  is  carried 
away;  the  water  will  carry  nearly  its  own  bulk  of  solid  mat- 
ter. The  evidence  of  erosion  is  so  great,  that  you  would 
think  the  rainfall  tremendous. 

The  first  cut  (see  fig.  1)  gives  a  good  general  idea  of  the 
appearance  of  the  country.  We  visited  a  place  near  Adam- 
ana,  where  the  ground  was  littered  with  pieces  of  tree  trunks, 
which  have  in  the  course  of  many  years  been  washed  out  of 
the  mesas  or  table  topped  hills  which  abound.  In  the  mesas, 
the  trunks  are  found  lying  horizontally,  and  nearly  unkroken, 
in  a  layer  about  fifteen  feet  from  the  surface,  in  a  bed  of 
what  seems  to  be  volcanic  ash,  below  a  capping  of  sandstone 
conglomerate.  This  sandstone  seems  to  fall  apart  as  the 
edge  becomes  exposed,  probably  under  the  influence  of  the 
frost,  and  is  washed  away.  As  the  support  below  the  trunks 
washes  away  unevenly,  they  break  apart  crosswise,  never 
lengthwise,  into  sections  of  a  foot  to  eight  feet  long.  At  one 
place  (shown  in  the  second  cut)  a  trunk  perhaps  four  feet  in 
diameter  and  120  feet  long  spans  a  ravine  which  has  been 
excavated  beneath  it. 

When  we  landed  at  Adamana,  we  found  six  inches  of 
snow.  I  was  determined  to  see  the  forest,  however,  even  if 
I  had  to  dig  it  out,  and  my  determination  was  justified,  for 
by  the  time  we  reached  the  forest  we  found  the  snow  nearly 
melted  off.  On  a  rough  guess  I  should  think  the  trunks 
might  cover  about  a  thousand  acres,  the  largest  trunk  I  saw 
was  about  eight  feet  in  diameter.  There  were  no  small 
branches — nothing  less  than  three  inches  in  diameter — and 
some  of  the  trees  showed  evidence  of  decay  before  petrifica- 
tion began.  I  concluded,  therefore  that  the  trees  must  have 
fallen  and  the  leaves  and  small  twigs  decayed  before  the 
silica  solution  which  must  have  caused  petrification  began 
its  work. 

The  driver  informed  us  that  there  are  four  other  petri- 
fied forests  in  the  vicinity,  one  of  them  larger  and  finer  than 
the  one  we  saw.  The  forest  we  saw  has  been  examined  by 
experts  in  such  matters  who  think  the  trees  were  Sequoias, 
but  some  pieces  I  saw,  said  to  have  been  taken  from  the 
other  forests,  looked  more  like  oak. 
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The  accompanying  rough  sketch  map  will  perhaps  serve 
to  give  a  good  general  idea  of  the  country  traveled  over.  It 
is  a  country  of  rough  stony  mountains  and  sandy  valleys. 
The  altitude  at  Daggett  is  about  2,000  feet  and  at  Cave  Wells 
about  4,000  feet.    Death  Valley  is  a  little  below  sea  level. 

I  arrived  at  Daggett  on  a  Monday  morning,  at  5  o'clock, 
and  found  the  town  asleep.  It  is  not  an  attractive  looking 
place — no  hotel,  many  saloons,  and  a  general  go-as-you- 
please  look.  I  had  hoped  to  be  able  to  drop  my  title  here 
but  it  was  not  to  be.  Bisenberg,  one  of  our  boys,  had  been 
at  the  borax  works  and  some  of  the  books  we  print  at  Baston 
were  in  their  small  library,  so  I  was  professor  there  too  and 
after  the  first  shock  the  people  took  it  as  well  as  could  have 
been  expected. 

From  here  to  Death  Valley  the  trail  runs  in  an  almost 
straight  line  to  the  northwest,  over  several  divides  and  across 
several  playa  lakes,  gradually  rising  until  it  reaches  the  sum- 
mit of  the  Avawatz  Mountains,  nearly  4,000  feet  high,  which 
border  Death  Valley  on  the  south. 

Daggett  is  situated  on  an  open  plain  and  is  said  to  be 
on  the  bank  of  the  Mohave  River.  To  the  uneducated  eye 
the  so-called  river,  is  nothing  but  a  bed  of  sand.  Like  many 
of  the  streams  in  this  arid  land  the  river  burrows  in  the  sand 
and  steals  along  next  to  bed  rock  beneath  the  surface.  Dig 
there  and  you  find  water  in  abundance. 

The  trail  from  Daggett  passes  over  the  Mohave,  then 
over  a  stretch  of  sand,  and  then  over  a  playa  lake  to  Marion, 
5  miles.  A  railroad  also  runs  to  Marion,  owned  by  the 
Pacific  Borax  Co. 

These  playa  or  dry  lakes  are  a  peculiar  feature  of  this 
peculiar  country.  They  contain  for  most  of  the  year  no 
water,  the  surface  being  fine,  dry  mud.  The  water  from  the 
surrounding  country  carries  this  fine  mud  during  the  infre- 
quent downpours,  and  this  is  deposited  as  the  water  stands. 
Part  of  the  water  evaporates  and  the  rest  sinks  below  the 
surface,  carrying  with  it  most  of  the  dissolved  material. 
Very  little  evaporation  takes  place  through  this  fine  compact 
surface  deposit.  Most  of  it  occurs  at  the  edges  of  the  lakes 
where  the  sand  is  coarser,  and  here  the  alkali  crusts  are  to 
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be  found,  Some  of  these  playas  are  covered  with  cracks, 
others  are  almost  entirely  without  them.  They  are  perfect- 
ly level  and  the  roads  cross  them  in  a  straight  line.  When 
in  good  condition,  as  we  found  them,  they  make  perfect 
roads,  hard  and  smooth,  and  I  believe  one  horse  could  pull 
5  tons  on  such  a  road  with  ease.  Coyote  Lake  was  the 
largest  lake  we  saw  and  is  perhaps  5  miles  in  the  shortest 
and  12  in  the  longest  diameter.  Many  thousands  of  tons  of 
alkali  must  be  contained  in  the  deposits  around  its  edges 
and  still  more  dissolved  in  the  water  beneath  its  surface. 

At  Marion  the  Pacific  Borax  Co.  has  built  a  mill  for 
roasting   the  Colemanite.     Colemanite  is  a  borate  of  lime, 
containing  water.     On  roasting,  it  loses  the  water  and  falls 
to   a  fine  powder  which  can  be  sifted  out.    The  valueless 
mud,  mixed  with  some  of  the  Colemanite,  does  not  fall  to  a 
powder  when  heated  and  in  this  way  the  Colemanite  is  puri- 
fied.    The  fine  powder  is  put  in  sacks  and  sent  to  Bayonne, 
N.  J.,  where  it  is  treated  with  sulfuric  acid  which  combines 
with  the  lime.     The  boric  acid  goes  into  solution  in  the  hot 
water,  which  is  poured  off,  and  as  this  cools  the  boric  acid 
crystallizes  out.    The  boric  acid  is  then  sold  as  such  for  en- 
ameling iron,  for  pottery,  for  glass-making,  etc.,  or  it  is  boil- 
ed with  carbonate  of  soda  and  so  converted  into  borax.     The 
Colemanite  treated  at  Marion  comes  from  Borate,  12  miles  to 
the  northwest  of  Daggett.    From  Borate  to  Marion  it  is  car- 
ried on  a  narrow  gauge  road  running  along  the  trail.    The 
grade  is  very  heavy  and  the  road  crooked,  crossing  the  trail 
repeatedly.     As  the  engine  comes  shrieking  around  among 
the  mud  hills  it  looks  like  a  veritable  demon  and  frightens 
horses  and  driver.    This  country  is  full  of  boric  acid,  which 
seems  to  have  accumulated  in  the  ancient  lake  which  once 
covered  all  this  country,  and  has  since  completely  dried  up. 
At  one  place,  7  miles  northwest  of  Daggett,  an  old  lake  de- 
posit, 60-90  feet  thick,  is  found  standing  now  almost  verti- 
cally.   It  is  a  hardened  mud  and  was  originally  deposited  as 
such  on  the  old  lake  floor.    It  contains  10  per  cent,  of  boric 
acid  and  is  worked  at  Daggett,  where  it  is  mixed  with  water, 
treated  with  sulfur  dioxid,  made  by  burning  sulfur,  and  the 
solution  allowed  to  evaporate  in  shallow  tanks.     No  artificial 
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heat  is  needed,  the  sun  does  the  evaporating  at^  tremendous- 
rate.  This  is  easily  understood.  The  temperature  reaches- 
118  in  the  shade  and  there  are  frequent  winds  with  a  velocity 
of  40  miles  and  more  an  hour. 

Most  of  the  borax  used  in  the  United  States  comes  from 
this  little  town  of  Daggett,  where  there  are  three  producers. 
In  1901  we  used  a  little  over  18,000  tons  of  borax,  of  which- 
probably  nearly  17,000  tons  came  from  Daggett. 

My  outfit  for  the  trip  to  Death  Valley  consisted  of  a 
team  of  two  horses,  such  as  the  horseman  calls  chunks,  and 
a  driver,  known  locally  as  Tug — a  lad  of  19.  I  paid  $5  a  day 
for  the  team  and  ^3.60  to  the  driver.  Pood  and  water  for 
ourselves  and  fodder  for  the  horses  we  carried  with  us.  We 
had  also  a  mess  kitt  and  our  beds,  but  no  tent.  The  bed  is 
made  as  follows :  First  a  strip  of  canvas  14  feet  long  and  5* 
ifeet  wide  is  spread  on  the  ground.  On  this  is  placed  a  mat- 
tress and  pillow,  on  these  a  woollen  blanket  folded  bag-fash- 
ion  from  the  bottom.  On  this  several  blankets  are  placed 
and  the  canvas  folded  up  over  all.  Yqu  fi;id  a  leyel  place^ 
scrape  away  the  stones,  undress  quickly,  for  the  nights  are 
cool,,  crawl  inside  and  draw  the  canvas  over  the  head.  In 
the  morning  yoti  dress,  wash  your  face,  if  there  is  any.water,. 
and  you  are  ready  for  the  road.  The  bed  is  rolled  up,  tied 
.with  a  rope  and  thrown  on  the  wagon. 

The  amount  of  bread  and  butter  eaten  on  this  trip 
astonished  me.  Tug  was  no  cook  and  I  knew  little  more 
about  it.  We  both  loathed  washing  dishes,  so  that  coffee 
and  bread  and  butter  formed  our  staple  diet.  We  started  out 
bravely  with  eggs  and  bacon,  but  to  eat  eggs  and  hog  fat  and 
then  to  clean  that  irying  pan- were,  too  much  for  us,  especi- 
ally where  water  was  scarce  and  time  short.  Opr  camp-fires 
were  made  of  sage  brush  or  grease  wood.  We  tried  cedar  at 
one  camp  but  did  not  like  it  Sometimes  it  ;s  hard  to  find- 
wood  enough  to  burn,  and  as  for  trees  there  are  none — I  saw 
nothing  as  thick  as  three  inches. 

We  followed  the  trail  used  by  the  borax  teams  carrying 
supplies  to  their  ranch  in  Death  Valley,  and  .  crossed  the 
playa  lake  to  Marion,  where  we  filled  our  canteens.  Then  to 
Borate  and  then  to  Coyote  Well,  on  the  border  of  the  playa 
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lake  of  the  same  name,  where  we  watered  our  horses.  Then 
on  over  a  divide  to  Garlic,  where  we  camped.  This  was 
thirty-six  miles  for  the  first  day.  Next  day  we  pushed  on 
over  two  divides  to  Cave  Wells,  in  the  Avawatz  Mountains, 
where  we  watered  the  horses,  and  then  to  Saratoga  Springs, 
which  lies  on  the  northern  edge  of  Death  Valley.  From 
Cave  Springs  to  the  valley  is  a  heavy  grade  down  hill,  4,000 
feet,  and  then  across  the  alkali  flats,  perhaps  two  miles  wide 
at  this  point.  This  day's  journey  was  forty-two  miles  and 
the  horses  were  very  tired.  Saratoga  Springs  bubble  up  at 
the  very  foot  of  the  Funeral  Mountains,  which  enclose  the 
Valley  on  the  north.  The  water  is  warm  and  contains  some 
dissolved  material,  a  little  borax  among  other  things.  It  is 
not  very  good  for  men,  but  horses  can  and  do  drink  it.  There 
are  a  few  small  fish  in  it  and  the  puddles  around  it,  called 
lakes  here,  are  the  resort  of  ducks  and  mud  hens.  Ten  feet 
from  the  springs  there  is  an  alkali  crust  six  inches  thick. 
There  is  a  small  hay  barn  at  Saratoga  Springs  where  hay  is 
kept  for  the  borax  teams.  This  hay  comes  from  Morrison's 
Ranch.  After  supper  I  spread  my  bed  on  the  hay  bales  in- 
side while  Tug  spread  his  outside  nearer  the  horses.  About 
8  o'clock  we  were  roused  by  the  noise  of  a  team  which  turn- 
ed out  to  be  Morrison  himself  with  a  four-horse  load  of  alf- 
alfa, weighing  3,000  lbs.  net,  which  he  had  hauled  twenty- 
three  miles  from  the  ranch  over  very  rough  roads  since  11 
o'clock  the  same  morning. 

Next  morning  I  climbed  the  mountains  to  look  at  the 
Indian  hieroglyphics  with  which  the  rock  are  covered  while 
the  others  were  breaking  camp.  During  the  ride  I  visited, 
riding  sometimes  in  one  wagon  and  sometimes  in  the  other. 
I  looked  upon  Morrison  with  some  curiosity.  He  has  spent 
several  summers  here  and  told  me  that  it  was  pretty  hot 
sometimes — 128°  in  the  shade. 

Until  we  reached  Saratoga  Springs  our  trail  ran  north- 
east.    Prom  there  for  about  twelve  miles  it  ran  almost  due 
east,  crossing  a  low  spur  of  the  Funeral  range  with  won- 
t  derful  sand  dunes  lying  on  one  flank  in  the  distance,  then 

crossing  the  Amaragosa  river  and  curving  to  the  north  fol- 
lowing the  river.    Up  to  the  crossing  of  the  Amaragosa,  the 

6  Cer. 
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valley  is  very  wide,  but  above  that  it  contracts  to  a  narrow 
canyon,  hemmed  in  by  walls  of  sand  cemented  together  into 
a  rock-like  mass  by  alkiali.  A  few  miles  below  this  crossing 
,  the  Araaragosa,  which  has  the  volume  of  a  small  mill  stream 
and  contains  much  dissolved  alkali,  disappears  under  the 
sand. 

Morrison's  ranch,  where  we  stopped  that  night,  is  on 
Willow  Creek,  about  half  a  mile  above  its  junction  with  the 
Amaragosa.  The  ranch  contains  about  twelve  acres  under 
cultivation — mostly  alfalfa — and  is  surrounded  by  clay  hills 
in  which  nitrate  of  soda  is  found.  The  surface  of  these  hills 
is  like  loose  ashes  for  a  depth  of  six  to  twelve  inches.  Below 
that  a  hard  crust  is  found,  containing  the  niter  six  to  twelve 
inches  thick  and  as  hard  as  iron.  In  these  hills  and  those 
lower  down  the  valley,  Bailey  estimates  the  total  amount  of 
nitrate  so  far  located  as  equal  to  22,000,000  tons.  At  the 
present  time,  all  our  nitrate  for  making  gunpowder,  nitric 
acid,  gun  cotton,  nitroglycerin  and  celluloid  comes  from 
Chile. 

We  imported  in  1901  233,720  tons  nitrate  of  soda  from 
Chile,  so  that  at  the  present  rate  of  consumption  these  Cali- 
fornia deposits  contain  enough  to  supply  our  wants  for 
nearly  100  years. 

Within  a  short  time  a  new  railroad  from  Salt  Lake  to 
Los  Angeles  will  cross  this  valley  and  then  these  salt  de- 
posits can  find  their  way  to  market.  On  the  way  to  Morri- 
son's we  met  a  party  of  twenty-five  prospectors  belonging  to 
the  American  Nitrate  Company,  and  at  the  ranch  we  found 
as  many  more  encamped.  At  the  head  of  the  party  was  Mr. 
Norton,  who  goodnaturedly  offered  to  loan  me  his  bed,  which 
I  declined  with  many  thanks.  Next  morning  bright  and 
early  we  left  for  home,  going  back  over  our  route  out  for 
most  of  the  distance.  On  the  way  Tug  discovered  a  taran- 
tula, who  had  been  out  too  late  and  been  overtaken  by  the 
cold  night  air  and  benumbed,  and  I  took  his  picture.  Tug 
said  that  when  he  was  smaller,  one  of  the  Daggett  doctors 
bought  tarantulas  for  four  bits,  or  fifty  cents  each,  and  the 
boys  caught  them  as  follows :  The  tarantula  burrows  in  the 
sand,  with  a  trap-door  closing  his  hole  two  inches  from  the  sur- 
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face.  One  boy  creates  a  disturbance  around  the  door  and  tbe 
tarantula  rushes  up,  closes  it  and  holds  on,  then  the  other  boy 
inserts  a  shovel  below  him  and  throws  him  out  on  the  sand, 
when  he  is  quickly  caught  in  an  empty  bottle. 

The  first  day  of  our  return  journey  was  Christmas  day. 
In  the  morning  it  was  cold,  but  by  noon  the  temperature 
was  at  80^  We  had  bread  and  butter  and  canned  salmon 
for  dinner,  and  for  dessert  I  prospected  and  found  a  gypsnm 
deposit,  while  Tug  smoked  cigarettes. 

That  night  we  slept  at  Cave  Wells.  The  rocks  here  are 
infested  with  rats,  and  they  held  high  carnival,  running  back 
and  forth  over  our  beds.  In  the  summer  this  must  be  a 
lively  place.  Tarantulas  are  plentiful,  and  there  is  a  snake 
which  Tug  called  a  '*side  winder" — poisonous. 

Next  day  we  reached  Coyote  Wells  on  our  return,  forty- 
six  miles — our  longest  day's  journey.  On  the  way  we  met 
and  passed  the  borax  team  taking  supplies  to  the  ranch. 
There  were  twelve  mules  and  two  lead  horses.  In  the  old 
days,  twenty  mules  pulled  two  wagons  hitched  tandem,  the 
mules  two  abreast.  These  wagons  could  carry,  besides  sup- 
plies and  water,  62,000  pounds.  Such  a  team  travels  about 
twenty  miles  daily.  The  cost  of  freighting  in  the  desert  is 
about  twenty  cents  per  ton  mile.  Next  morning  it  was  very 
windy.  Breakfast  was  gotten  ready  under  difficulties,  and 
the  wind  was  very  strong  for  several  hours.  Then  it  moder- 
ated and  we  rode  into  Daggett  at  high  noon,  tired,  hungry, 
and  dirty.  I  was  very  much  indebted  then  to  Mr.  Henry 
Blumenberg,  superintendent  of  the  American  Borax  Comp- 
any, for  he  added  to  much  previous  kindness,  the  loan  of  his 

bath-tub,  one  of  a  very  few — perhaps  the  only  one  in  Dag- 
gett. 

Next  morning  at  3  o'clock  I  boarded  the  train  and  at  the 

Harvey  eating  house,  at  Los  Angeles,  gorged  on  dainties 

and  rejoiced  that  I  need  not  live  in  Death  Valley. 

DISCUSSION. 

•»  Mr.  Karl  Langenbeck:    What  is  the  nature  of  the  soluble 

'  salts,  in  the  sand  banks  on  the  Amaragosa? 

Dr.  Hart:  I  do  not  know  of  my  own  knowledge.  None 
of  my  samples  have  come  to  hand.     Bailey's  report,  which 


72  DEATH  TAIiLET  AND  THE  BORAX  INDUSTBT. 

treats  of  the  matter  pretty  fully,  states  that  they  vary  in  com- 
position. Salt  is  a  prominent  constituent.  There  is  sul- 
phate of  soda  there,  carbonate  of  soda  in  places,  tho  not 
much,  I  think.  These  seem  to  be  mixed  up  in  varying  pro- 
portions.  On  the  sides  of  the  wash,  leading  out  of  the  Val- 
ley, are  salt  deposits  of  considerable  extent.  There  is  plenty 
of  gypsum  there,  too.  But  the  whole  country  seems  to  be 
liberally  scattered  over  with  these  materials,  and  it  looked  as 
tho  it  had  been  thoroughly  stirred  afterward. 

The  nitrate  deposits  are  covered  by  claims,  bought  up 
by  the  American  Nitrate  Company,  which  will  soon  be  oper- 
ated. A  new  line  is  to  be  run  from  Salt  Lake  City  to  Los 
Angeles.  It  will  cross  this  country  about  midway  between 
the  diflFerent  nitrate  deposits,  which  it  will  be  possible  to 
reach  by  narrow  guage  roads  from  the  main  line. 

Mr.  Langenbeck:    By  nitrate,  you  mean  nitrate  of  soda? 

Dr.  Hart:    Yes. 

Professor  Edward  Orton^  Jr. :  Where  do  they  get  the 
water  supply  for  leaching  out  these  beds? 

Dr.  Hart:  There  is  nothing  of  that  kind  done  in  the 
Valley  now.  No  practical  work,  nothing  except  prospect- 
ing, has  been  done  in  the  Valley  except  the  hauling  of  Cole- 
manite  to  Mojave.  We  found  a  prospecting  party  of  about 
fifty  people  belonging  to  the  American  Nitrate  Company, 
and  there  were  several  parties  from  the  Pacific  Borax  Com- 
pany in  the  field,  but  no  practical  work  is  being  done.  The 
factories  are  at  Marion  and  at  Daggett.  The  American 
Borax  Company  is  at  Daggett. 

Mr.  Langenbeck:  All  the  borax  at  present  made  comes 
from  these  borax  deposits? 

Dr.  Hart:  Yes.^  The  Colemanite  mines  of  the  Pacific 
Borax  Company  are  at  Borate,  about  twelve  miles  from 
Marion.  The  Boric  acid  made  at  the  Bartlett  works  is  made 
from  the  borax  mud  deposits  of  that  region.  The  American 
Borax  Company's  mine  lies  about  seven  miles  from  Daggett, 
connected  by  a  narrow  guage  road.  The  ore  is  brought  to 
Daggett  and  there  turned  into  boric  acid.  The  water  at 
Daggett  comes  from  the  Mojave  river.    The  river  there  is 
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under  the  sand.    They  sunk  wells,  found  the  river  and  have 
plenty  of  water. 

Mr.  Stanley  Burt:  The  refining  is  completed  right  there? 
Do  we  receive  it  direct  from  there? 

Dr.  Hart:  Boracic  acid  is  shipped  from  there  mostly  to 
Pittsburg.  But  the  American  Borax  Company's  work  is  so 
far  only  in  the  experimental  stage.  Mr.  Blumenberg  told 
me  he  had  a  three  month's  run  last  summer,  and  found  what 
he  could  do,  and  is  now  going  ahead  on  the  basis  of  that. 

Mr.  Langenbeck:  Mr.  Burt's  question  is  of  interest  to 
users  of  boracic  acid  for  ceramic  purposes.  It  has  transpired 
that  there  is  a  good  deal  of  sulphate  of  ammonia  in  some 
boracic  acid  of  Italian  origin,  which  has  caused  disagree- 
able results. 

Dr.  Hart:  Yes.  Ammonia  occurs  as  a  sulphate  in  the 
Italian  deposits.  I  have  no  knowledge  of  such  impurity  in 
the  California  borax;  the  samples  I  secured  there  have  not 
yet  come  to  hand,  and  so  I  have  not  been  able  to  make  any 
analysis  yet. 

Professor  Orton:  Is  there  any  animal  life  there,  to 
^peak  of? 

Dr.  Hart:  My  driver  told  me  that  in  the  summer  time  it 
is  quite  interesting.  The  tarantulas  at  Cave  Wells  are  very 
thick,  and  it  is  di£Blcult  to  find  a  place  not  already  pre- 
empted. The  night  I  was  there,  the  rats  or  mice  had  a  jam- 
boree, and  raced  across  my  bed  a  number  of  times.  I  think 
probably  in  the  summer  time  there  is  a  good  deal  of  life.  I 
saw  nothing  but  a  few  mud  hens,  a  single  tarantula,  and  I 
think  three  chipmunk  and  a  lizzard  which  came  out  in  the 
middle  of  the  day.  But  there  is  evidence  there  of  a  swarm- 
ing animal  life  in  the  summer  time. 

Professor  Orton:  I  move  that  the  Society  express  its  grat- 
itude to  Dr.  Hart  for  the  exceedingly  interesting  lecture  he 
has  given  and  for  the  care  and  trouble  he  has  taken  in  pre- 
paring it  for  us  by  a  vote  of  thanks. 

Motion  seconded,  and  unanimously  adopted. 
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RECENT  INVESTIGATIONS  IN  PORTLAND  CEMENT*'^^ 

BY  AliBEBT  T.  BLBININGBB,  B.  BG. 

It  is  a  difficalt  task  to  collect  the  experimental  data  pro* 
daced  by  the  many  investigators  who  have  worked  on  the 
examination  of  the  hydraulic  silicates  and  especially  of  Port- 
land cement.  Keen  scientific  minds,  equipped  with  thor- 
ough training,  have  applied  their  energy  to  the  solution  of 
the  various  problems  connected  with  the  Portland  cement 
industry.  As  a  result,  we  have  before  us  a  mass  of  material 
representing  an  enormous  amount  of  work  and  energy,  and 
differing  widely  in  scientific  value;  the  investigation  of  the 
thoroughly  equipped  chemist  and  mineralogist  is  found  in. 
the  various  journals,  side  by  side  with  the  speculations  of  the 
obscure  and  often  untrained  observer.  In  addition,  these 
multitudinous  results  are  found  scattered  in  many  different 
periodicals  in  three  or  four  languages.  If,  in  attempting  to 
produce  an  outline  of  the  work  recently  done  in  this  direc- 
tion, the  task  is  not  complete,  it  is  due  to  the  great  amount 
of  material  in  existence,  and  to  the  fact  that  it  is  scattered 
over  such  a  wide  territory. 

It  is  a  peculiar  fact  that  the  great  bulk  of  the  work  in 
the  investigation  of  Portland  cement  has  been  done  along 
theoretical  lines,  as  distinguished  from  similar  work  done  by 
the  metallurgists  on  steel,  where  the  first  problems  attacked 
were  strictly  practical  in  character,  and  have  only  of  late  de- 
veloped a  phase  which  might  be  said  to  be  strictly  scientific^ 
almost  entirely  freed  from  empiricism.  The  investigation 
of  the  true  character  of  Portland  cement  seems  to  have  had 
a  great  fascination  for  the  very  first  observers. 

Since  Vicat  (1857)  Candlot,  Fuchs,  Feichtinger,  many 
experimentors  have  endeavored  to  arrive  at  results,  which 
might  throw  light  on  the  vexed  question  of  the  constitution 
of  cements  with  but  indifferent  results,  since  most  of  them 
endeavor  to  make  use  of  wet  reactions.    All  of  them  found 

*Pnbll8hed  In  advance,  by  permlBslon  of  Edward  Orton  Jr.,  State  Geologlit 
of  Ohio. 
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that  the  calcareous  cement  compounds  are  extremely  unsta- 
ble. Michaelis,  in  the  sixties,  has  shown  that  even  alcoholic 
solutions  of  salts  in  the  absence  of  water  decompose  the  hy- 
draulic compounds.  Up  to  about  1887,  all  that  was  known 
concerning  the  hydraulic  cements  might  be  summed  up  in 
a  few  sentences,  viz: 

Natural  or  artificially  prepared  mixtures  of  silica,  alum- 
ina and  carbonate  of  calcium,  when  heated  above  redness, 
produce  compounds  which  harden  in  contact  with  water. 
The  hydraulic  compounds  produced  are  calcium  silicates  and 
perhaps  aluminates,  which  unite  with  water,  chemically, 
giving  rise  to  a  mixture  of  hydrous  salts. 

It  is  not  until  the  aid  of  the  microscope  was  called  in 
(1887),  that  more  definite  statements  could  be  made,  although 
all  this  while,  the  gross  composition  necessary  for  a  good 
Portland  cement  was  known. 

In  this  year  Chatelier^  published  his  classical  work  on 
the  constitution  of  Portland  cement,  based  on  microscopic 
analysis,  in  which  he  states  that  he  found  the  main  constit- 
uents of  Portland  cement  to  consist  of,  (1)  colorless  double- 
refracting,  cubical  crystals;  (2)  between  these  a  darker  sub- 
stance, double-refracting,  but  without  crystalline  structure. 
In  addition,  he  found  several  accessory  constituents, 

(a)  slightly  yellowish  crystals,  opaque    and  showing 
striation, 

(b)  very  small  crystals  with  rather  strong  double-re- 
fraction, and 

(c)  finally  zones  of  matter  without  influence  on  polar- 
ized light. 

Constituent  No.  1  was  called,  later,  alite;  No.  2,  celite; 
a,  belite;  and,  b,  felite.  Chatelier  considers  the  alite  as 
3CaO  Si02f  this  being  the  active  element  of  cements,  par 
excellence,  which  hydrates  according  to  the  following 
reaction: 

8  GaO  SiOi  +  Aq  =  CaO  SiOs  2.6  HsO  +  2  Ca  (OH)s. 

In  addition  to  this  compound,  the  Portland  cement 
contains  a  tri-calcic  aluminate,  which  is  relatively  unsta- 

1  ReoheroheB  ezpertmentalei  nir  1a  oonBtitation  des  mortlen  hjdranUqaei. 
AnnaleB  dee  Mines  1887. 
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blCy  but  sets  rapidly  in  water,  and  if  present  in  too  lai^e 
amonntSy  may  canse  the  destruction  of  the  cement.  It  hy- 
drates according  to  the  reaction: 

8  GaO  AlsOs  +  Aq  =  8  GaO  AlsOs  12HsO. 

Chatelier  thus  considers  Portland  cement  as  composed 
of  tri-calcium  silicate,  with  a  certain  amount  of  calcium 
aluminate  and  ferrate,  besides  mono-and  di-calcium  silicates. 
The  hydration  of  the  cement  he  expresses  by  the  two  reac- 
tions: 

2  (8  GaO  SiOi)  +  9  HiO  =  2  GaO  SiOi  6  HiO  +  4  Ga  (OH}s. 

Then  a  reaction  takes  place  between  the  calcium  hy- 
drate, water  and  calcium  aluminate  forming  a  basic  calcium 
aluminate: 

8  GaO  AliOs  +  Ga  (OH)i  +  11  HtO  =  4  GaO  AliOi  12  HsO. 

The  hydrated  basic  aluminate  determines  the  setting  of  the 
cement,  while  the  hardening  is  fixed  by  the  tri-calcium  sli- 
cate.  Chatelier  fixes  the  amount  of  lime  necessary  lor  Port- 
land cement  by  the  expression: — 

CaO .^o 

SiOi  —  AliOs  —  Fe20i  ^ 

in  which  CaO,  Si02,  Alj  O3,  Fcj  O3  represent  the  number 
of  equivalents  of  these  substances  present.  The  other  limit 
he  fixes  by  the  expression: — 

CaO  ^3 

Toernebohm  checked  the  petrographic  work  of  Chate- 
lier, but  did  not  agree  with  the  latter  as  to  the  composition 
of  the  tri-calcic  silicate. 

W.  B.  and  S.  B.  Newberry^  agreed  in  the  main  with 
Cbatelier's  results,  but  took  exception  to  his  tri-calcic  alum- 
inate, which  they  replaced  by  bi-calcium  aluminate,  so  that 

they  obtained  the  formula : — 

X  (3  CaO  S10>)  4-  Y  (2  CaO  RtOs.) 

Dr  Tomei^  treated  hardened  cement  with  an  aqueous  so- 
lution of  ammonium  chloride  and  found  that  the  amount  of 
lime  dissolved  decreased  after  some  time.  He  concluded 
from  his  experiments  that  the  stability  of  the  lime  com- 
pounds increases  with  the  time  and  that  part  of  the  silica 

• 

iJoumal  of  Sooloty  for  Ohemioal  Indostry,  1807. 
llThonlndastrle  Zeltong  1896,  page  177. 
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from  the  sand  of  the  mortar,  enters  into  combination 
with  the  lime. 

In  1896,  A.  Hauenschild^  treated  a  number  of  hydraulic 
cements  with  various  solutions  of  ammonium  salts  and  found 
that  these  salts  did  not  permit  of  an  exact  determination  of 
the  lime  compounds. 

The  work  of  Toernebohm  and  Newberry  was  condensed 
by  Meyer  (1896)  in  the  formula: — 

X  (3  CaO  SiOs)  +  Y  (5  CaO  BfOs  SlOi) 

This  investigator  objected  to  the  assumption  of  alumi- 
nates  and  ferrates,  since  alumina  and  ferric  oxide  always 
form  a  double  silicate  in  the  presence  of  lime. 

Microscopic  examination  in  no  case  showed  the  pres- 
ence of  free  lime. 

Prof.  RebuflFat,^  of  the  University  of  Naples,  in  1898, 
divides  cement,  into  two  classes: 

1.  Cements  of  simple,  compact  structure,  non-crystal- 
line, derived  from  a  mixture  of  calcium  oxide,  silicate,  and 
aluminate.  The  calcium  oxide  may  be  absent.  These 
comprise  the  hydraulic  limes  and  quick  setting  cements. 

2.  Cements  of  crystalline  structure  derived  from  a  com- 
bination of  a  crystalline  mass,  consisting  of  2  CaO  Si02  and 
CaO  and  the  calcium  aluminate  in  various  proportions — 
Portland  cements  and  cements  high  in  silica. 

He  assumes  that  the  qualitative  constitution  of  the  dif- 
ferent hydraulic  cements  after  setting  is  the  same.  They 
are  formed  from  a  mixture  of  lime  hydrate,  hydrated  calcium 
silicate  and  hydrate  calcium  aluminates  with  a  slight  quan- 
tity of  accessory  ingredients.  The  calcium  silicate  is  the 
ortho-silicate — 2CaOSi02.  The  quantity  of  the  water  of 
hydlration  which  is  absorbed  does  not  exceed  5J  per  cent,  so 
that  the  hydrated  compound  has  the  formula  2  CaO  Si02  + 
H2O.  In  cements  high  in  silica,  the  presence  of  a  certain 
quantity  of  meta-silicate  must  be  accepted.  This  does  not 
hydrate,  but  reacts  with  the  aluminates  and  forms  double  sil- 
icates of  calcium  and  alumina.  This  fact  is  important,  as  it 
explains  the  resistance  of  cements  to  sea  water. 

iThonlndustrlo  Zeltang  1806,  page  380. 
3Ga2.  Chlm.  Ital.  180B. 
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The  calcium  aluminate  may  have  one  of  the  follow- 
ing formula: — 

CaO  A1,0,. 

2  CaO  AljO,. 

3  CaO  A1,0,. 

But  unless  there  is  an  excess  of  lime  or  unless  certain  condi- 
tions of  burning  prevail,  it  seems  that  only  CaO  Al^O^ 
and  2  CaO  Al^Og  should  be  considered. 

The  quantity  of  water  chemically  fixed  by  hydration 
cannot  be  determined  beforehand.  The  cements  hydrate  in 
different  degrees,  according  to  whether  they  harden  in  pure 
or  lime  water.    To  this  are  due  many  peculiarities  in  setting. 

In  setting,  the  calcium  ortho-silicate  is  hydrated  to  form 
2  CaO  SiOa  +  H^O,  which  is  followed  by  the  hydration  of 
the  calcium  aluminate.  These  two  reactions  take  place  in 
different  phases  for  different  cements. 

With  cements  of  crystalline  structure,  it  must  be  as- 
sumed that  the  calcium  ortho-silicate  is  found  combined  with 
CaO  and  the  calcium  aluminate  in  a  definite  crystalline  con- 
dition. Portland  cement  in  the  hydrated  condition  con- 
tains but  small  quantities  of  calcium  aluminate.  This  ex- 
plains that  in  cements  of  crystalline  character  the  setting 
may  be  caused  by  the  hydration  of  the  calcium  ortho-silicate 

according  to  the  following  reaction: 

2  (3  CaO  SiO,)  +  3  H,0  =  2  (2  CaO  SiO,)  HjO  +  2  Ca  (OH)i 

This  reaction  is  associated  with  the  hydration  of  the 
aluminate,  which  in  Portland  cement  consists  mainly  of 
mono-calcium  aluminate  and  hydrates  with  seven  mole- 
cules of  water. 

CaO  AI2  Os  -f  7  Hj  O  =  AI2  Os  CaO  7  Hi  O 

Rebuffat  found  that  all  the  water  of  crystallization  <|oes 
not  become  free  at  low  heat,  but  part  is  expelled  at  a  bright 
red  heat. 

Prof.  Rebuffat's  work  rests  on  the  assumption  that  the 
free  calcium  oxide  can  be  removed  from  a  cement  by  means 
of    a  sugar   solution   of  certain    strength,  an    assumption 

m 

which  has  not  been  verified  by  the  work  of  Michaelis  and 
Peret^  who  throw  strong  doubts  on  this  method. 

1  Internat.  Gongreu  for  testing  bnlldlng  xnAterlal,  Paris,  1900. 
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Michaelis  in  1892  and  Brdmenger  in  1893,  have  shown 
that  the  bi-calcium  silicate  in  a  cement  gives  rise  to  ''dnsting,'' 
that  is,  it  breaks  down  to  a  powder  without  showing  hydraulic 
properties.  This  is  supported  by  the  later  work  of  Newberry. 
Hence,  cements  low  in  lime  or  such  whose  silica  content  is 
enriched  by  the  silica  from  the  ash  of  the  coal  will  show  this 
disastrous  behavior.  But  from  further  experiments,  Brd- 
menger came  to  the  conclusion  that  there  must  be  an 
allotropic  modification  of  the  bi-silicate,  since  the  same 
cement  low  in  lime  when  cooled  suddenly  by  quenching  in 
cold  water  did  not  dust  The  same  change  from  one  state 
of  the  bi-silicate  to  the  other  is  determined  by  the  length  and 
intensity  of  burning.  As  soon,  however,  as  more  lime  is 
drawn  into  reaction  and  the  cement  approaches  the  empirical 
tri-calcium  silicate  composition,  the  phenomenon  of  dusting 
disappears. 

In  1898  Prof.  Carl  Zulkowsky,*  of  the  University  of 
Prague,  also  published  his  results  on  the  investigation  of 
cements.  He  believed  that  he  could  remove  the  free  lime 
from  cements  indirectly,  by  using  dilute  hydrochloric  acid. 
His  main  argument,  however,  is  based  on  the  study  of  blast 
furnace  slags.     His  conclusions  are  summarized  as  follows : 

I.  The  blast  furnace  slags,  suitable  for  the  manufacture 
of  cement  are  highly  basic  meta-silicates  whose  decomposi- 
tion is  prevented  by  rapid  cooling — granulation. 

II.  Owing  to  their  anhydrous  condition  they  have  a 
tendency  to  unite  with  water  and  to  harden,  which  is  assist- 
ed by  the  presence  of  alkalies.  Such  silicates  may  be  called 
hydraulites. 

III.  On  slow  cooling  an  inter-molecular  decomposition 
of  the  meta-silicate  or  hydraulite  takes  place  in  a  greater  or 
smaller  measure.  During  this  process  the  mass  loses  its 
uniformity  and  the  constituents  are  not  dissolved  by  weak 
acetic  acid  in  the  proportion  in  which  they  are  present 
in  the  slag. 

IV.  The  hydration  of  the  powdered  basic  meta-silicate 
is  co-incident  with  a  change  in  volume  and  a  change  in  the 

1  Die  Ghemlfche  Industrie  1896,  page  09. 
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shape  of  the  grains  which  now  fill  all  the  space  and  gradu- 
ally harden  to  a  compact  mass. 

V.  Slags  cooled  slowly,  which  contain  only  certain 
components  or  isomeric  compounds  of  the  above  meta-sili- 
cates,  do  not  possess  the  properties  of  the  hydraulite,  men- 
tioned under  II  and  IV. 

VI.  Portland  cement,  like  slag  cement,  is  a  mixture  of 
a  hydraulite  analogous  to  granulated  furnace  sla^;  and  with 
as  much  lime  as  remained  uncombined  on  burning.  The 
difference  between  the  two  is  only  that  the  necessary  lime 
must  be  added  to  the  slag  in  the  shape  of  calcium  hydrate. 

VII.  The  CaO  of  Portland  cement  cannot  be  separ- 
ated directly. 

VIII.  The  calcium  oxide  may,  however,  be  removed 
from  Portland  cement  by  a  special  treatment  with  dilute 
hydrochloric  acid  in  greater  or  smaller  amounts,  and  the 
hydraulic  property  is  diminished  accordingly.  The  residue 
remaining  behaves  like  highly  basic  slag;  that  is,  it  hardens 
in  the  presence  of  the  alkaline  compounds  without  combin- 
ing with  them  chemically. 

IX.  But  since  the  calcium  oxide  is  thus  removed  in  the 
wet  way,  the  cement  is  sufficiently  hydrated  and  the  residual 
cement  can  never  attain  its  original  strength.  The  hy- 
draulic agent .  of  Zulkowsky  is  represented  by  the  struct- 
ural formula : —        '  •*  * 


=  fCa   ZScQAL^O, 


^  ^^<^  c> 
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This  compound  hydrates  to : — 

0^    OCaOH 
X      ^OCaOK 

c~0 


1=0 

XlCaOH 

This  formula  is  thus  seen  to  be  deduced  from  a  basic 
meta-silicate  which  hydrates  by  the  taking  up  of  a  molecule 
of  water. 

In  1899  Dr. Michaelis^  published  a  startling  theory  which 
contradicted  all  the  previous  assumptions.  He  claimed  that 
the  hydraulic  hardening  is  a  combination  of  chemical  and 
physical  processes.  For  the  main  constituent,  the  hydro-sil- 
icate of  lime  crystallization  cannot  be  proven  notwithstand- 
ing the  claims  of  Chatelier  and  others.  The  process  of 
hardening  depends  upon  an  increase  in  volume  on  the  part 
of  some  of  its  constituents,  or  the  formation  of  gelatinous 
silicic  acid.  On  letting  a  large  quantity  of  water  act  on 
Portland  cement,  the  volume  of  the  lattet  is  changed  to  a 
colloid  mass  occupying  33  times  the  original  volume.  On 
treating  cement  with  lime  water,  the  volume  is  increased  21 
times.  Even  quartz,  when  treated  with  milk  of  lime,  is  con- 
verted into  the  colloid  variety  in  which  it  is  greatly  in* 
creased  in  volume.  The  same  is  true  of  alumina  and  iron. 
Michaelis  cites  the  manufacture  of  sand  brick,  by  the  action 
of  calcium  hydrate  on  crystalline  silica  as  a  proof  of  his 
theory.  His  claims,  however,  have  found  no  approval  by 
most  of  the  cement  chemists  and  investigators. 

In  1897  Liamin,'  a  Russian  investigator,  made  an  ex- 
tensive investigation  of  Portland  cement  by  means  of  micro-^ 

IThonlndastiie  Zeitong  1890,  page  786. 

SReport  of  the  Imperial  Baulan  Teohnloal  Society  1897. 
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scopic  examination,  physical  separation  and  chemical  analy- 
sis. He  made  photographs  of  micro  sections  of  hardened 
Portland  cement,  in  which  he  showed  the  crystals  of  calcium 
hydrate.  By  means  of  a  suspension  method  employing 
heavy  liquids  like  methyl  iodide  and  benzol,  he  washed  out 
the  calcium  hydrate  from  the  finely  ground  cement.  This 
work  he  attempted  to  check  by  the  determination  of  the 
combined  water  in  the  hardened  cements,  assuming  that  the 
hydrous  lime  silicates  lose  their  combined  water  at  about 
160^  C,  while  the  calcium  hydroxide  loses  its  chemical 
water  at  from  450-480*  C.  In  this  way,  he  calculated  the 
amount  of  calcium  hydrate  present  by  a  very  ingenious 
method  of  reasoning.  These  results  apparently  checked 
beautifully  with  the  values  obtained  by  the  physical  separa- 
tion. In  five  Portland  cements,  he  found  up  to  33.6  per 
cent,  of  calcium  hydrate.  The  hardening,  he  claims,  is  due 
to  the  interlacing  of  crystals  of  lime  hydrate  and  a  lime 
alumina  silicate.  The  important  factor  is  the  calcium  hyd- 
rate, which  he  found  in  crystals  about  one  millimeter  long. 
Roman  cements  do  not  show  this  phenomenon  to  any  ex- 
tent. The  content  of  calcium  hydrate  increases  slowly  since 
the  higher  calcium  silicates  gradually  change  to  simpler 
compounds  and  lime  hydrate.  Thus  the  3  CaO  SiO,  of 
Chatelier  is  reduced  to  the  simple  CaO  SiOs  occurring 
as  fine,  hair-like  crystals,  and  hexagonal  crystals 
of  Ca  (O  H)^ 

Many  investigators  object  to  this  extraordinary  high 
content  of  calcium  hydroxide  and  it  has  been  shown  by 
work  done  by  the  Ohio  Geological  Survey  that  the  dehydra- 
tion of  cement  is  not  as  sharp  and  smooth  a  process  as 
accepted  by  Liamin  and  that  hence  his  dehydration  values 
are  erroneous.  The  last  traces  of  combined  water  are  ex- 
pelled only  at  a  red  heat. 

In  1899  a  great  number  of  experiments  were  made  to 
determine  the  free  lime  in  Portland  cement  for  all  investi- 
gators realize  that  if  once  it  is  possible  to  determine  the  free 
calcium  oxide,  the  entire  question  of  cement  constitution 
is  solved. 
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B.  Steuer^  allowed  hydrogen  sulphide  to  act  upon  water 
in  which  finely  powdered  Portland  cement  had  been  poured. 
In  this  manner,  he  extracted  44  per  cent,  of  calcium  oxide 
which  he  considered  free  lime  while  the  residue  corres- 
ponded to  the  formula  CaO  SiOj. 

S.  Wormser  and  O.  Spanjer*  used  as  reagent  for  the  solu- 
tion of  free  lime,  an  alcoholic  solution  of  aluminum  chloride. 
They  claimed  to  have  proven  that  this  solution  (1  g  in  100 
cc'S.  absolute  alcohol)  does  not  decompose  the  silicates,  but 
dissolves  only  free  lime.  The  per  cent,  of  CaO  found  to  go 
in  solution  as  such  was  25,  while  in  addition  20  per  cent,  of 
lime  was  found  present  as  a  highly  basic  silicate.  They 
calculated  by  means  of  their  method,  a  content  of  26.6  per 
cent,  of  free  lime,  and  18.65  per  cent,  of  CaO,  combined  with 
6.15  per  cent,  silica. 

Dr.  Hart*  in  the  same  year,  by  means  of  a  1 0  per  cent, 
alcoholic  iodine  solution  found,  he  claims,  30.34  per  cent,  of 
free  vitrified  calcium  oxide  in  Portland  cement ;  the  balance 
of  the  cement  material  he  considers  as  ballast,  a  slag  which 
does  not  harden;  on  hydrating,  this  vitrified  lime  hardens 
under  water.  He  cites  this  free  lime  as  a  fine  example 
of  a  body  whose  chemical  energy  is  manifested',  not  by  a 
thermal  reaction,  but  by  a  mechanical  development  of 
energy.  The  reason  why  so  much  free  calcium  oxide  is  not 
injurious  to  the  cement,  he  explains  by  saying  that  this  lime 
is  vitrified  and  crystalline.  Vitrified,  crystalline  calcium 
oxide  and  the  amorphous  lime,  though  not  distinguished 
analytically,  are  different  physically.  This  argument  is 
open  to  many  objections,  whose  discussion  here  would 
lead  too  far. 

Dr.  Hart's  work  was  supported,  however,  by  thermo- 
chemical  experiments,  in  which  he  determined  the  heats 
of  neutralization  of  Wollastonite  CaO  SiOi,  artificial  CaO 
SiO„  2  CaO  SiO„  3  CaO  SiO„  CaO-Al  A,  2  CaO  Al  A»  3 
CaO  AlfOs.  He  determined  the  heats  evolved  for  the 
anhydrous  cement  as  well  as  for  the  hydrated  and  dehyd- 

1.   Thonlndastrle  Zeltung  18M,  page  004. 

9.   Ibid,  page  1786. 

8.    lUd,  pages  6(»,  770, 86t,  1660;  1000,  page  188. 
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rated  cement  which  had  been  allowed  to  harden.  The  heat 
of  neutralization  of  the  hardened,  not  dehydrated  cement 
should  be  higher  than  that  of  the  clinker,  since  the  former 
contains  a  considerable  amount  of  free  calcium  hydrate. 
In  Portland  cement  the  heat  of  neutralization  is  lowered  on 
hydration,  while  the  heat  evolved  by  the  dehydrated  cement 
is  almost  equal  to  that  of  the  clinker.  Prom  this  Dr.  Hart 
concludes  that  from  30  to  34  per  cent,  of  free  lime  must  be 
present  in  cement. 

Dr.  Michaelis  objected  to  the  use  of  wet  reagents  for 
the  determination  of  free  lime,  claiming  that  they  cause 
grave  inaccuracies. 

Dr.  Wegner*  allowed  carbon  di-oxide  to  act  upon  cement 
at  a  red  heat,  in  a  furnace  fired  by  gasoline.  He  attempted 
to  determine  the  free  lime  by  this  method  and  found  1 1  per 
cent,  of  CaO.  This  work  obviously  is  of  but  little  value 
since  a  constant  temperature  of  800°  C  is  required,  which 
cannot  be  said  to  have  existed  in  his  furnace,  and  to  be  of 
value,  the  experiments  should  have  been  conducted  in  an 
electric  furnace. 

Wormset^  studied  the  reaction  of  ammonium  oxalate  on 
calcium  aluminates  and  silicates,  as  well  as  on  Portland 
cement  at  a  red  heat.  He  claims  to  have  found  the  compo- 
sition of  Portland  cement  to  be  : 

14  per  cent.  CaO  Si  O2 

43  per  cent.  2  CaO  Si  O, 

23  per  cent.  2  CaO  Al,  Os 

20  per  cent.  CaO. 

In  1901  A.  Meyer*  published  his  interesting  account  on 
the  formation  of  cement^  in  which  he  summarizes  his  theo- 
retical and  practical  experience.  First  a  mono-  and  bi-sili- 
cate  of  calcium  is  formed,  followed  by  the  formation  of  an 
aluminate  and  ferrate  of  lime  ;  then  a  tri-calcium  silicate  is 
formed  accompanied  by  the  crystallization  of  the  stable 
double-silicate  of  lime  and  alumina.  After  the  formation  of 
the  tri-calcic  silicate,  only  bi-silicates  can  be  produced.    Be*-  W 

1.  Transactions  Society  German  Portland  Cement  Manafaotarers  1001. 

2.  Ibid. 

8.   Ball  d.  1.  Boclte  des  Sciences  de  Boncarest  1001,  No.  S. 
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side  this,  an  isotropic  lime-alumina-silicate  may  be  formed. 
The  time  of  burning  and  cooling  is  of  great  importance  on 
the  reaction.  The  more  basic  the  mixture,  the  less  fusible 
will  it  be;  hence,  the  higher  the  required  temperature.  A 
normal  cement  may  dust  if  heated  too  long,  while  if  burnt 
rapidly,  it  will  show  the  proper  behavior.  If  the  amount  of 
bi-silicate  is  too  greats  the  cement  will  dust ;  this  formation 
of  bi-silicate  can  be  prevented  by  rapid  cooling.  In  many 
well  burnt  Portland  cements,  the  main  mass  is  a  devitrified 
glass,  in  which  several  minerals  in  well  developed  crystals 
are  observed. 

A  basic  furnace  slag,  granulated,  does  not  represent  a 
devitrified  glass,  but  a  true  bi-calcium  silicate  and  alumi- 
nium silicate. 

Bverything  tends  to  show  that  the  bi-calcium  silicate 
may  exist  in  two  forms: 


c 


Ortho  Silicate 


and 


Meta  Silicate 


CL 


CL 


)I=0      0 


The  latter  hydrates,  since  it  contains  the  lime  as  anhyd- 
ride. If  exposed  to  a  higher  temperature,  it  changes  to  the 
crystallized  ortho-silicate,  which  falls  to  a  powder.  In  cool- 
ing blast  furnace  slag  rapidly,  we  retain  the  meta-silicate, 
thus  preventing  the  change  to  the  ortho-silicate. 

In  Portland  cement,  which  is  not  granulated,  the  form- 
ation of  the  non-hydraulic  bi-calcium  silicate  is  prevented  by 
adding  so  much  lime  that  the  tri-calcium  silicate  is  pro- 
duced : 


<^C  c> 


6  Cer. 
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In  this,  two-thirds  of  the  lime  is  hydrated.     But,  so  far,  ^ 

nobody  has  succeeded  in  producing  the  tri-calcium  silicate  ^ 

by  direct  synthesis.  Newberry  could  not  have  had  it,  owing 
to  the  imperfect  mixture  of  the  ingredients  used,  and  to  the 
lack  of  all  analytical  data  regarding  it;  Rebuffat  produced  a 
mixture  of  less  basic  silicates  and  free  CaO.  Chatelier  pro- 
duced it  indirectly  with  the  use  of  fusing  calcium  chloride. 

Edward  Jex*  in  1900  claims  that  the  ortho-calcium  sili- 
cate must  be  the  main  hydraulic  agent  of  Portland  cements. 
A  meta-silicate  is  always  produced  by  fusing  a  cement  mix- 
ture, and  an  ortho-silicate  can  arise  only  in  vitrification  when 
greater  resistance  is  offered  to  the  motion  of  the  molecules, 
so  that  each  molecule  is  surrounded  by  several  molecules  of 
calcium  oxide.  If  the  clinker  is  heated  for  a  longer  time, 
the  ortho-silicate  reverts  to  the  meta-silicate  and  hence  the 
quality  of  the  clinker  is  lowered.  This  difficulty  is  overcome 
by  introducing  more  lime  than  is  necessary  for  the  ortho- 
silicate.  This  is  a  purely  mechanical  but  good  means  of 
preventing  the  meta-silicate  formation.  But  it  is  doubtful 
whether  it  would  not  be  better  to  be  rid  of  this  excessive 
amount  of  lime.  According  to  this  investigator,  the  result- 
ing compound  in  cement  would  be : 

2  CftO  SlOi  +  2  CaO  AbOs 

The  dusting  of  clinker  he  explains  by  the  presence  of  a 
mixture  of  meta-  and  ortho-silicate,  which  possess  a  different 
constitution,  tending  to  break  up  the  mass.  Jex  also  sug- 
gests the  possibility  of  producing  a  Portland  cement  by 
fusion,  in  kilns  similar  to  a  blast  furnace.  The  raw  material 
could  be  introduced  in  the  shape  of  crushed  rock,  while  the 
cement  mixture  is  discharged  in  the  liquid  condition  and 
granulated.  The  fuel  consumed  would  be  about  1  .5  times 
the  amount  used  in  the  rotary  kiln,  but  the  process  would  do 
away  with  the  power  consumed  in  the  fine  grinding  of  the 
raw  mixture.  ^ 

1  ThonlndaBtrle  Zeltang  IMO,  Nos.  188, 186,  189. 
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In  1901  Th.  Ludwig^  compares  cements  with  glasses, 
which  might  be  called  alloys.  It  is  his  opinion  that  the 
formula  of  A.  Meyer : 


represents  the  proper  chemical  conception  of  one  of  the 
gliss  constituents,  the  alite,  which  may  crystallize  out, 
though  he  denies  that  any  experimentor  has  ever  prqduced 
this  silicate  in  the  pure  condition.  He  also  supports 
Meyer's  formula : 

X  (8  CaO  BlOi)  +  Y  (5  CaO,  E«  Os  SiOj.) 

replacing  the  modified  Chatelier  formula : 

X  (3  CaO,  8iO«)  +  Y  (2  CaO  Ali  Oi). 

He  doubts  the  presence  of  ferric  silicate,  claiming  that  the 
iron  is  always  present  as  ferrous  oxide. 

This  has  been  disproved  by  Loebell,  and  by  work  done 
by  the  writer  for  the  Ohio  Geological  Survey,  in  which  the 
iron  was  found  in  several  cements  to  be  largely  in  the 
ferric  condition. 

In  the  same  year,  Dr.  Rohland  examined  Portland 
cement  from  the  stand-point  of  hydrolysis,  but  arrived  at  no 
definite  conclusions. 

In  1901  Zulkowsky*  again  published  a  most  valuable 
series  of  experiments  whose  results  may  be  summarized 
as  follows: 

The  existence  of  the  tri-calcium  silicate  is  not  probable 
and  not  proven.  The  di-calcium  meta-silicate  is  the  true  car- 
rier of  hydraulicity,  which  means  the  presence  of  free  calcium 
oxide.  (He  could  not  produce  the  tri-calcium  silicate,  but  did 
not  use  fluxes).  Silica  with  a  valence  of  six  does  not  exist. 
The  tri-calcium  silicate  is  not  necessary  for  the  production  of 
a  good  Portland  cement;  in  fact,  Zulkowsky  produced  a  high 
grade  white  Portland  cement  of  the  formula  2  CaO  SiOs, 
2  CaO  Alt  O,  from  kaolin.     Any  lime  above  this  is  unneces- 

1  Thonlndattiie  Zoitong  1001«  No.  149. 
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sary.    He  compares  Portland  cement  with  an  alloy,  in  which  ^ 

CaO  is  in  solution.     Hence  there  might  be  a  distinction  be-  i 

tween  alloyed  and  unalloyed  lime,  which  will  slake  in  differ-  1 

ent  ways.  In  presence  of  an  excess  of  calcium  oxide,  the 
cement  contains  dead-burnt  and  alloyed  lime.  It  is  nearly 
certain  that  the  first  will  slake  like  the  hydraulites,  the 
second  much  later,  like  dead-burnt  lime,  giving  rise 
to  ^'blowing." 

In  1902  Rebuffat^  gives  an  elaborate  account  of  his 
latest  studies,  in  which  he  pays  special  attention  to 
the  rapid-setting  cements  of  the  type  of  the  natural 
cements.  He  started  to  produce  these  cements  syn- 
thetically by  the  use  of  kaolin  and  calcium  carbonate, 
heating  them  to  about  800^  C.  In  this  connection,  he  found 
the  remarkable  fact  that  crystalline  calcium  carbonate,  or 
even  lime  hydrate,  when  ground  together  with  kaolin  and 
burnt,  did  not  give  rise  to  hydraulic  cements  at  all.  After 
experimenting  for  a  considerable  time,  he  found  that  neither 
of  the  above  forms  of  lime  reacted  sufficiently,  and  subse- 
quently he  was  compelled  to  use  amorphous  calcium  carbon- 
ate, precipitated  by  ammonium  carbonate.  The  crystalline 
calcium  carbonate  reacts  only  at  higher  temperatures.  By 
using  amorphous  calcium  carbonate,  he  obtained  synthetic 
cements,  with  kaolin,  which  showed  satisfactory  behavior. 

This  work  of  Rebuffat  agrees  with  the  work  of  the  writer 
done  for  the  Ohio  Geological  Survey  in  1902,  up  to  a 
temperature  of  1100®  C,  at  which  point,  crystalline  calcium 
carbonate  was  found  to  react  with  mixtures  of  kaolin  and 
flint,  producing  hydraulic  cements  equal  in  strength  to  the 
natural  cements.  There  is  no  doubt,  however,  that  amor- 
phous calcium  carbonate  would  increase  the  strength 
attained  considerably.  Rebuffat  found  that  free  silica  is  not 
necessary  in  the  production  of  hydraulic  rapid-setting 
cements,  as  mixtures  of  kaolin  with  3,  4,  5,  6  and  7  mole- 
cules of  calcium-oxide  give  very  quick  setting  cements — the 
most  rapid  one  being,  one  molecule  of  kaolin  to  six  mole- 
cules of  CaO,  burnt  at  800°  C. 

1  Thonlndustrle  Zeltang  No.  106. 
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Rebuffkt  also  treated  all  of  his  cement  mixtures  with 
sugar  solution,  by  means  of  which  he  expected  to  extract  the 
lime  and  he  determined  the  chemically  combined  water  of 
the  various  lime  compounds.  Rebu£fat's  synthetic  work 
may  be  summed  up  as  follows: 

On  heating  mixtures  of  kaolin  and  calcium  carbonate 
from  800  to  1200°  C,  the  change  in  the  time  of  setting  is 
equivalent  to  a  change  in  chemical  reaction,  as  indicated  by 
the  increasing  amounts  of  chemically  combined  water.  The 
pozzulanic  character  of  the  natural  cements  is  due  to  the 
presence  of  clay  substance,  and  not  to  the  free  silica. 

Rebuffat  extended  his  experiments  to  natural  rock 
cements,  and  arrived  at  the  following  conclusions: 

Natural  cements  contain  amorphous  calcium  carbonate. 
A  synthetical  mixture  of  SiOs,  AI9  Os,  and  amorphous  calcium 
carbonate,  does  not  produce  a  rapidly  setting  cement.  A 
mixture  of  previously  prepared  silicates  and  aluminates  is 
not  hydraulic  at  800°,  hence  the  natural  cements  are  not 
mixtures  of  silicates  and  aluminates.  All  facts  tend  to  show 
that  natural  cements  are  lime-alumina  silicates,  which  above 
S(Xf  gradually  change  to  a  mixture  of  calcium  silicate  and 
calcium  aluminate;  a  change  completed  at  1200°  C.  If  the 
mixture  contains  so  much  lime  that  all  of  the  alumina  be- 
comes bi-calcium  aluminate,  the  product  at  1200°  may  retain 
a  certain  rapidity  of  setting. 

A.  Meyer*  in  1902  reports  the  production  of  tri-calcic 
silicate  from  a  fused  magma,  which  hydrated  to  2  CaO  SiOs 
HsO;  at  160°  C,  half  of  the  fixed  water  is  expelled,  which  in- 
dicates that  the  molecule  must  be  a  double  one.  The  remain- 
ing water  leaves  at  a  much  higher  temperature  than  200°. 
Hence  it  is  impossible  to  have  a  meta-silicate — 

jO-CaOH 

N)CaOH 

for  here  the  two  hydroxides  are  united  with  lime  and  behave 
analogous  to  calcium  hydrate,  which  loses  its  water  at  a 
much  higher  temperature. 

1  Thonlndastrle  Zeltung  No.  144. 
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The    hydration    eqnation  of  the  main  constituents  of 
Portland  cement  can  be  said  to  be: — 

1 .  2  (3  CaO,  SiOi)  +  Aq  =  2  (2  CaO  BiOi  HsO)  +  2  Ca  (OH)s 

2.  By  washing  out  the  calcium  hydrate  the  reaction 
can  be  carried  to  the  following  limit: — 

2  (2  CaO  SiOi  HsO)  +  Aq  =  CaO  2  SiOi  8  HsO  +  SCa  {OH)s 

The  presence  of  a  tri-calcic  silicate  is  more  readily  to  be  as- 
sumed than  that  of  meta-bi-calcium  silicate  and  excess  of 
lime.  The  alumina  and  lime  are  firmly  united  with  SiOt 
and  hence  there  are  present  no  aluminates  or  ferrates. 

In  1902  N.  Liamin^  investigated  the  phenomena  con- 
nected with  the  change  in  the  rate  of  setting  of  cements 
and  studied  the  e£fects  of  salts  like  CaCls,  Ca  (NO.).,  (NH^s 
COs,  etc.  He  arrived  at  the  conclusion  that  salts  producing 
insoluble  compounds  with  Ca  (OH))  accelerate  setting, 
while  those  forming  soluble  salts  retard  it.  The  same  sub- 
ject was  studied  by  Dr.  Rohland^  last  year.  He  ascribes  the 
change  in  the  rate  of  setting: 

1.  To  the  disintegration  of  the  coarser  cement  particles 
to  finer  ones. 

2.  Change  in  the  condition  of  the  aluminates. 

3.  Excessive  amount  of  alumina. 

4.  Formation  or  introduction  of  one  or  more  cata- 
lytic agents. 

He  makes  a  list  of  catalytic  agents,  positive  or  nega- 
tive, accelerating  or  retarding  the  hydration,  including — 

Calcium  sulphate  — 

Aluminium  chloride      + 

Sodium  carbonate  + 

Calcium  chloride  + 

Barium  chloride  + 

Potassium  bi-chromate  — 

Calcium  chromate  — 

Sodium  chloride  0 

The  relation  between  the  already  existing  velocity  of  reac- 
tion and  the  e£fect  of  a  plus  or  minus  catalytic  agent  is 
expressed  by  the  statement: 

IThonlnduBtiie  Ztg.,  IWl,  No.  M. 
fThonlndUBtrle  Ztg.,  IMS,  No.  4A, 
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Where  the  velocity  of  reaction  (setting)  is  very  slow,  the 
catalytic  agent  produces  a  greater  e£fect  than  in  those  in 
which  the  velocity  is  greater.  Positive  and  negative  re- 
agents may  neutralize  each  other.  The  quantities  may  be 
very  small,  one  per  cent,  or  less  is  often  sufficient  to  pro- 
duce great  changes. 

Dr.  Bernhard  Kosmann  in  1902  discusses  the  constitution 
of  Portland  cement,  and  says  that — **the  imaginary  tri-cal- 
cium  silicate  must  be  a  basic  meta-silicate  in  which  two 
molecules  of  CaO  are  present,  so  that  they  are  split  ofi  by 
the  combination  of  water.'' 

The  study  of  the  effects  of  sea  water  on  Portland  cement 
has  occupied  the  attention  of  many  European  authorities 
owing  to  the  great  importance  of  the  subject.  The  opinions 
in  this  respect  are  very  much  divided;  some  defend  the 
Portland,  claiming  that  good  cement  amply  resists  the  dis- 
solving action  of  the  sea  water,  like  Schuljatschenko,  of  Peters- 
burg, while  others  like  Chatelier,  Rebuffat  and  Michaelis, 
seek  to  determine  the  weak  points  of  the  cement  or  to  find  a 
suitable  remedy. 

Thus  Michaelis  advocates  the  use  of  puzzolanic  material, 
like  trass,  to  be  ground  together  with  the  cement.  Chatelier 
claims  that  the  starting  point  of  the  solution  of  the  cement 
is  the  formation  of  calcium  aluminium  sulphate.  This  as- 
sumes dangerous  proportions  only  if  the  content  of  alumina 
rises  to  four  per  cent.,  hence  the  alumina  should  be  replaced 
by  iron  oxide.  The  dangerous' quality  of  the  alumina  is  de- 
creased by  an  increase  in  lime  and  completely  eliminated  by 
silicious  puzzolanes. 

Rebuffat  ascribes  the  action  of  sea  water  to  sulfo-alum- 
inates  and  says  that  the  process  is  but  a  slight  and  superfi- 
cial one,  which  does  not  harm  the  cement  work  to  any 
appreciable  extent. 

In  the  United  States,  activity  along  the  line  of  cement 
research  was  quite  pronounced  in  the  past  year. 

W.  B.  Newberry^  examined  the  progress  of  burning  in 
the  rotary  kiln  by  cooling  a  kiln  sixty  foot  long,  without 
emptying  it.     A  constant  reaction  was  observed  from  840X, 

1  Oement  and  Engineering  News  IMS. 
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being  shown  by  the  change  in  color,  and  a  constantly 
decreasing  amount  of  volatile  matter.  Fourteen  samples  were 
taken  at  equal  intervals.  The  most  lively  evolution  of  COs  took 
place  between  intervals  8-12(1030°-1425*'C).  The  raw  cement 
mixture  at  three  was  of  a  blue  gray  color,  which  between 
three  and  four  becomes  buff,  retaining  this  color  up  to  eight, 
when  it  changes  to  brown;  at  nine  the  lumps  become 
harder;  at  eleven,  they  are  vitrified  on  the  outside,  at  twelve 
partially  vitrified;  at  thirteen  black. 

Dr.  Clifford  Richardson  (1902)  has  prepared  synthetic- 
ally non-dusting  di-calcium  silicates,  as  well  as  3  CaO  Sid 
both  hardening  in  moist  air  and  water. 

Prof.  B.  D.  Campbell,  of  the  University  of  Michigan,  has 
carried  on  for  several  years,  elaborate  tests  of  cement  mix- 
tures, burning  them  in  an  experimental  rotary  kiln  accom- 
panied by  accurate  temperature  measurement.^ 

"The  minimum  temperature  required  to  burn  Portland 
cement  giving  a  sound  cement  with  fresh  clinker  is  1450^  C, 
for  minimum  contents  of  CaO.  The  temperature  increases 
with  the  lime  till  in  ordinary  cements,  it  reaches  165CP  C. 
The  substitution  of  Als  Os  and  Pci  Os  for  Si  O9  lowers  the 
overburning  temperature,  but  may  raise  the  temperature  re- 
quired for  perfect  boiling  test.  With  a  mixture  low  in  CaO, 
the  burning  temperature  for  perfect  boiling  test  is  lowered 
by  this  substitution,  but  with  mixtures  high  in  calcium  oxide 
the  burning  temperature  required  for  the  perfect  test  is 
raised  and  may  become  coincident  with  the  overburning 
temperature.  Any  attempt  to  raise  the  overburning  tem- 
perature by  increasing  the  lime  will  fail  to  give  a  perfect  hot 
test,  even  at  the  overburning  temperature.  The  practical  ex- 
perience that  lean  clays  (higher  in  silica)  are  safer  than  rich 
clays  is  verified.  The  effect  of  8  -  9  per  cent.  MgO  has  but 
little  effect  on  the  temperature  for  perfect  boiling  test  or 
over-burning  temperature." 

Professor  S.  B.  Newberry  assisted  by  Mr.  M.  M.  Smith, 
also  published  a  most  valuable  series  of  experiments.'  A 

1  Journal  American  Ohem.  Society  No.  10, 1908. 
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He  again  reports  having  prepared  3  CaO  SiOi  by  mix- 
ing the  finely  ground  materials  dry,  and  heating  the  mixture 
to  a  white  heat.  It  does  not,  however,  harden  readily.  No 
direct  chemical  proof  of  the  3  CaO  SiOi  is  given.  By  fusing 
the  mixture  over  the  oxy-hydrogen  blow  pipe,  the  3  CaO  SiOi 
was  found  to  be  double-refracting,  with  rectangular  cleav- 
age, spec,  gravity  3.022,  is  constant  in  volume,  hardens  well. 
A  mixture  of  calcium  carbonate  and  silica,  heated  for  two 
hours  at  a  red  heat,  leaves  some  SiOi  uncombined  unless  at 
least  2^  molecules  of  CaO  to  one  of  SiOs  are  present.  At  a 
white  heat,  the  mono-,  di-  and  tri-silicate  mixtures  become 
completely  combined.  The  amount  of  water  which  a  given 
cement  will  take  up  chemically,  is  a  function  of  the  mechan- 
ical conditions,  porosity,  etc.  It  may  be  as  low  as  10,  or  as 
high  as  27  per  cent. 

On  suspending  finely  divided  calcium  silicate  in  suffi- 
cient water  to  dissolve  all  the  lime  present,  the  residues  are 
somewhat  indefinite  in  composition,  and  continue  to  lose 
lime  on  prolonged  action;  they  have,  however,  the  follow- 
ing composition: 

Tri-silicate  (not  fused),  after  twenty-nine  and  ninety- 
three  days,  3  CaO  2  SiO,  3  HjO. 

Tri-silicate  (fused),  35  and  228  days,  2  CaO  SiO,  H,0. 

The  di-silicate  (quenched  and  dusted),  did  not  change  in 
composition,  and  did  not  hydrate. 

The  action  of  an  amount  of  water  insufficient  to  dissolve 
all  of  the  lime  present  (100  cc's  to  5  g)  on  the  fused  tri-sili- 
cate, for  thirty  days,  followed  by  a  treatment  with  sugar  so- 
lution for  29  and  186  days,  gives  a  residue  approximately, 
5  CaO  2  SiOs  3  H,0  and  3  CaO  2  SiO,  6  H,0. 

The  work  done  for  the  Ohio  Geological  Survey  in  1902 
by  the  writer,  though  not  completed,  may  be  indicated  by 
the  following  outline.  It  will  form  the  substance  of  a 
special  bulletin  of  the  survey  in  the  near  future. 

In  the  presence  of  clay  substance,  evolution  of  carbon 
di-oxide  from  amorphous  calcium  carbonate  commences 
slightly  at  about  660^  C,  a  drop  in  the  rate  of  evolution  is 
reached  at  800''  but  resumed  at  850°.     At  1000°  C  the  evolu- 
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tion  of  carbon  di-oxide  is  completed.    The  lime  begins  to  ^ 

react  with  clay  substance  soon  after  the  evolution  of  carbonic  1 

acid  begins,  the  clay  being  completely  decomposed  at  about  ^ 

850°  C.  Free  quartz  begins  to  be  attacked  at  about  950''  C. 
Free  silica  coarser  than  the  size  between  120-150  mesh  sieve 
is  inert,  at  least  at  temperatures  np  to  1350°  C.  Feldspatbic 
minerals  are  decomposed  almost  as  readily  as  clay  substance. 
Crystalline  calcium  carbonate  is  much  more  sluggish  in  re- 
action than  the  amorphous  variety,  especially  at  tempera- 
tures below  1100°  C. 

The  chemical  activity  of  calcium  oxide  was  studied  by 
grinding  calcium  carbonate  intimately  together  with  flint  in 
a  wet  ball  mill,  so  that  a  mixture  of  the  formula  0.25  CaO 
SiO,  was  produced.  This  was  burnt  at  800°,  900°,  1000°, 
1100°,  1200°  and  1350°  C,  measured  by  means  of  the 
Chatelier  pyrometer,  these  temperatures  having  been  main- 
tained for  ninety  minutes.  After  burning,  the  mixture  was 
analyzed  for  each  temperature,  the  total  silica,  the  silica  sol- 
uble in  hydrochloric  acid  and  sodium  carbonate,  the  alumina 
and  iron,  and  the  carbon  di-oxide  being  determined.  The 
ground  flint  was  examined  in  regard  to  its  fineness  of  grain 
and  was  found  to  possess  the  following  composition: 

Left  on  120  mesh  sieve          -  -          -          1.40* 

Left  on  150  mesh  sieve          -  «•..         -        2.36^^ 

Left  on  200  mesh  sieve        -  -          -        1.06% 

Grains  .0088  to  .0004  inch  diam.  -        -    24.74% 

Grains  .0016  to  .0004  inch  diam.  -        -      17.84% 

Grains  .001  to  .0001  inch  diam.  -      -      -     9.30^ 

Dust  below  these  sizes        -        -  .        -    43.30% 


Prom  the  amount  of  soluble  silicic  acid  and  the  amount 
of  calcium  oxide,  the  formula  of  the  compound  resulting  froin 
the  action  of  the  lime  on  the  silica  was  calculated.  It  was 
assumed  that  owing  to  the  large  excess  of  silica,  and  to  the 
intimate  blending,  the  calcium  oxide  would  show  its  max- 
imum chemical  effect  under  the  above  conditions  of  fineness 
of  grain.    These  formula  of  course  do  not  represent  the  act- 
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nal  formula  produced,  since  the  exact  amount  of  lime  enter- 
ing into  reaction  must  remain  an  unknown  quantity. 


TABLE  NO.  I. 


Temp. 

00. 

Per  Cent. 

Soluble 

Bllloa 

Per  Oent. 

Available 

OaO 

Sum  of   Sol- 
uble BlUca 
Plus  Avail- 
able CaO 

Oarbon 
Di-Oxlde 
Per  Oent. 

Formnla 

800 

900 

1000 

1100 

6.94 

6.44 

8.62(?) 
17.11 
22.10 
22.78 

8.94 
16.40 
18.04 
18.04 
18.04 
18.04 

14.88 
22.84 
21.66 
86.16 
40.14 
40.77 

6.60 
1.80 

CaO  0.7  8i()2 
CaO  0.86  SiOi 
CaO  0.19  SiOi 
CaO  0.887  SiOt 

1200 
1860 

CaO  1.14  SiOs 
CaO  1.18    SiOs 

This  table  seems  pretty  consistent  with  the  exception 
of  the  1000°  determination,  which  is  now  being  repeated.  At 
800°,  apparently  all  of  the  free  calcium-oxide  has  combined 
with  silica,  while  at  900°  there  is  evidently  some  lime  uncom- 
bined,  so  that  the  formula  appears  distorted.  It  is  evident 
the  lime  has  united  with  no  less  silica  than  at  800°,  but  more 
calcium  oxide  is  available  than  at  the  latter  temperature. 
This  is  indicated  also  by  the  caustic  property  of  this  mix- 
ture. The  best  index  of  the  activity  of  the  lime  is  the  amout 
of  silica  rendered  soluble,  especially  if  for  800°  and  900°  the 
carbon  di-oxide  is  eliminated  by  calculation  which  will  make 
the  soluble  silica  6.36  and  6.52  per  cent,  respectively. 

Intimately  associated  with  the  progress  of  the  chemical 
reaction  between  the  calcium  oxide  and  the  silica,  is  the 
evolution  of  heat  connected  with  it,  at  least  for  temperatures 
below  1300°C,  when  the  lime  is  rendered  inert  as  far  as  the 
measurable  heat  reaction  is  concerned.  The  heat  produced 
must  be  ascribed  mainly  to  the  hydration  of  the  calcium - 
oxide  since  it  has  been  found  by  the  writer  that  lime  sili- 
cates evolve  but  little  heat  as  will  be  shown  by  the  following 
table  of  heats  of  hydration,  determined  on  commercial 
cements.  The  values  are  expressed  in  calories  per  gram  of 
cement,  an  excess  of  water  having  been  used,  100  c.c.  for 
from  3  to  5  grams.  The  cements,  except  when  stated  other- 
wise, were  purchased  in  the  open  market  and  represent 
standard  American  brands,  with  the  exception  of  one. 


96 


BBOBNT  INTBSTIOATIONS  IN  POBTULND  CBMBNT. 


TABLE  n. 

HEATS  OF    HYDRATION. 


No. 

Kind  of  Cement 

OAloriei 
Per  Gram 

RemarkB 

1 

Portland  Cement 

1.786 

2 

11              »» 

1.190 

European  Cement. 

8 

11              11 

0.470 

4 

»              Ji 

2.000 

6 

i»              11 

6 

11              ^j 

"  c.fibb"" 

Obtained  from  manufac- 

7 

ii              ii 

2.100 

turer. 

8 

»i               11 

2.200 

9 

11              11 

6.660 

Did  not  stand  up  well  in 
boiling  test. 

10 

11              11 

6.160 

Did  not  stand  boiling  test. 

11 

Natural  Cement 

4.100 

12 

11              11 

Natural  (Maflpesian) 
cement  rock  burn- 
ed in  large  labora- 
tory   furnace    for 
li  hours  at 

3.770 

18 

400*' C 

No  beat. 

14 

600*^ 

0.960 

15 

600** 

1.430 

16 

700'* 

0.830 

17 

800** 

0.800 

18 

1000* 

0.470 

19 

1100* 

1.680 

The  use  of  the  calorimeter  has  been  found  of  great  value 
in  judging  a  cement  in  regard  to  its  fitness  for  nse.  I  in- 
variably use  it  for  examining  cements,  before  testing  them. 
Owing  to  the  cheapness  of  a  good  serviceable  instrument 
and  the  comparative  rapidity  of  a  determination,  this  method 
of  testing  should  find  application  by  manufacturers. 

Heat  determinations  were  also  made  of  various  calcium 
and  magnesium  silicates  which  are  given  in  the  follow- 
ing tables : 
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TABLE  III. 


Oomposltlon 


Temper- 
ature 


Oalorlefl 
Per  Oram 


Oomposltlon 


Temper- 
ature 


Oalorlei 
Per  Gram 


0.25CaOSiO2 

700 

1.60      1 

2  CaO  8iO, 

800 

60.00 

»» 

800 

1.98      ' 

11 

900 

80.87 

11 

900 

1.60 

11 

1000 

2.60 

a5  CaO  SiO, 

IHO 

0.88 

11 

1100 

1.20 

11         * 

1170 

0.60 

11 

1170 

0.79 

1.0  CaO  SlOj 

600 

*....<.••■■ 

2.6  CaO  SiOa 

600 

2.96 

11 

700 

2.98 

11 

700 

7.64 

11 

800 

1.70 

11 

900 

29.87 

11 

900 

7.84 

11 

1000 

78.46 

y^ 

1000 

19.86 

11 

1100 

14.20 

P 

1170 

O.SO 

11 

1170 

6.80 

1.6  CaO  RIO, 

600 

0.70 

2.8  CaO  SiOa 

700 

1.40 

11 

700 

10.71 

11 

1100 

72.86 

n 

800 

16.08 

11 

1170 

68.67 

i» 

91K) 

67.88 

3  CaO  8iO, 

700 

0.91 

» 

1000 

67.66 

11 

1100 

27.96 

11 

1100 

2.76 

3,1  CaO  8iO, 

1000 

88.70 

11 

1170 

1.19 

11 

1200 

3.68 

2.  CaO  8iO, 

600 

11 

700 

1.69 

These  mixtures  were  prepared  from  flint  whose  me- 
chanical composition  has  been  given  and  whiting  con- 
taining 1.66%  MgO,  ground  together  for  8  hours  in  a  wet 
ball  mill.  The  heat  evolved  by  the  whiting  alone  was  found 
to  be  220.0  calories  at  900°C,  195.6  at  1200.  This  decrease 
is  due  to  the  fact  that  some  silica  was  absorbed  by  the  whit- 
ing from  the  crucible. 

Mixtures  of  whiting  and  20  per  cent,  of  kaolin  were 
made,  in  order  to  study  the  effect  of  the  clay  substance  upon 
the  decomposition  of  the  calcium  carbonate,  and  the  follow- 
ing hydration  values  were  obtained : 

TABLE  IV. 


Temp.  •  0 

Oalorlei 
per  gram. 

Temp.  ^  0 

Oaloiiea 
per  gram. 

700**C 

900'* 
1000** 

126.48 

800^ 

82.18 

128.62 

Similarly  to  the  calcium  compounds,  magnesium  silicates 
were  prepared  and  tested  in  the  same  manner.    These  mix- 
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tures  consisted  of  commercial  magnesium  carbonate  and  flint, 
finely  ground  together. 

TABLE  V. 


Composition 


0.6  MffO  SiOs 

do 
do 
do 
do 
do 
1  MgO  SiOs 
do 
do 


Temper- 

Calories 

ature 

Per  Oram 

500°C 

16.83 

600 

laio 

700 

2.64 

800 

1.78 

900 

1.68 

1000 

0.09 

1100 

0.90 

500 

18.20 

600 

28.19 

700 

.      5.71 

Compoflltlon 

Temper- 
ature 

1  MgO  SiOi 

800**C 

do 

900 

do 

1000 

do 

1100 

1.5  MgO  SiOi 

500 

600 

do 

700 

do 

800 

2  MgO  810» 

500 

do 

600 

Calories 
Per  Oram 

5.55 

''V.58" 
1.78 
20.15 
24.51 
12.80 
4.86 
17.27 


The  magnesium  silicates  slake  with  extreme  slowness 
and  hence  claim  to  satisfactory  exactness  cannot  be  made  for 
the  calorimetric  determinations.  The  calorimetric  hydration 
values  of  both  the  lime  and  magnesium  series  cannot  be  used 
as  the  basis  of  exact  calculations  of  chemical  composition; 
they  can  indicate  only  certain  general  tendencies,  and  hence 
are  useful  to  this  extent.  In  order  to  a£ford  exact  proofs,  the 
determinations  must  be  carried  on  much  more  extensively, 
and  most  laborious  precautions  must  be  taken  in  order  to 
reduce  errors  to  the  minimum.  In  general,  it  may  be  said 
that  the  more  basic  the  mixtures  are,  the  greater  is  the  error 
of  the  determinations  arranged  in  the  above  tables. 

The  claim  is  being  made  by  some  that  American  Port- 
land cements  are  not  m$ide  as  carefully  as  European  cements, 
being  insufficiently  mixed  and  ground  before  burning. 
Though  this  hardly  needs  contradiction,  the  Ohio  survey 
has  examined  a  number  of  standard  American  cements  in 
'  regard  to  the  insoluble  residue  left  after  treatment  with  hy- 
drochloric acid,  sodium  carbonate  solution,  and  ignition,  with 
the  following  results: 

1.  0.14  per  cent. 

2.  0.47  per  cent. 
8.  0.46  per  cent. 

4.  0.51  per  cent. 

5.  0.69  per  cent. 

The  most  important  factor  in  the  manufacture  of  Port- 
land cement  is  fine  grinding  of  the  raw  mixture  previous  to 
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burning.  In  order  to  determine  the  actual  fineness  of  raw 
cement  mixtures,  a  number  of  samples  were  collected  by 
visiting  plants  in  operation,  and  making  physical  analysis 
by  the  Whitney  suspension  method.  The  following  table 
will  show  the  results  of  this  work: 
TABLE  VI. 


o 

HaterlalB   Used. 

OrlndlDE 
Mao  bines  Used 

P 

S5 

1 

1 

i 

1 

as 

ji 

la 

Btoaeandihale 
OemeD  t  rock  and 

Cement  rock  and 
llmMtoue 

eUy 

Marl  and  clay 

Marl  *Dd  alar 

Marl  and  olay 

Uarl  and  olar 

Emery  mllietor 
One  gModliig 

Qriaia  mill 

Ball   and   tabe 
mill  iwet) 

Wet  tabs  niill 

Wet  tube  mill 

Wet  tube  mill 

Wet  tube  mm 

a.00 

UM 

,.« 

80.40 

SIB 

S.SS 

T.4» 
0.60 

O-GO 

CIS 
S.M 

4.8E 

!.« 

B.!I 
S.17 
3.47 
J.18 

17.7S 

S0.81 

10.14 

8.tM 

ia.» 

17.fi2 
8.Bfl 

10.81 

10 

a 

B 

rShelU 
I  In  marl 
1  quite 


The  last  column  affords  an  index  for  judging  the  degree 
of  fineness  of  the  cement  mixture. 

The  Whitney  method  of  physical  analysis  can  easily  be 
modified  so  as  to  become  useful  in  every  laboratory.  It  may 
be  carried  out  as  follows:  Take  5  grams  of  dried  raw  cement 
mixture,  make  up  into  a  thin  paste  with  water  and  wash 
through  the  80,  120  and  200  mesh  sieve  respectively.  Dry 
and  weigh  the  residue  on  each  sieve.  The  portion  washed 
through  the  200  mesh  sieve  is  transferred  to  a  260  c.c.  beaker 
and  enough  water  added  if  necessary  to  make  200c.c.  of 
slurry.  Stir  for  one  minute,  let  settle  for  one  minute  and 
syphon  off  carefully  the  supernatent  liquid.  Repeat  this 
operation  until  the  liquid  is  clear.  Remove,  dry  and  weigh 
the  residue.  The  washings  which  have  been  removed  are 
now  boiled  down  to  200 cc, stirred  as  before,  allowed  to  set- 
tle for  3  minutes  and  syphoned  off.  This  is  continued  till 
finally  after  3  minutes  the  supernatent  liquid  is  clear.    The 
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residne  is  dried  and  weighed  as  before.  The  third  washings 
are  collected,  stirred,  allowed  to  settle  for  nine  minutes,  sy- 
phoned and  washed  as  before.  The  sediment  is  dried  and 
weighed.  There  are  now  found  by  sedimentation:  First,  a 
sediment,  coming  in  size  between  the  200  mesh  sieve  and 
one  minute's  settling,  which  was  found  to  range  between 
0.0088  inch  and  0. 0004  inch  for  quartz;  second,  a  deposit  from' 
three  minutes  settling,  ranging  between  0.0016  and  0.0002 
inch;  third,  a  sediment,  nine  minutes  settling,  corresponding 
to  a  size  of  from  0.0011  to  0.00014  inch.  The  Same  method 
has  been  applied  to  burnt  and  ground  Portland  cement, 
though  in  this  case,  alcohol  redistilled  over  caustic  lime  was 
used.  The  following  table  shows  the  size  of  grain  of  a  num- 
ber of  commercial  Portland  cements: 
TABLE  VII. 


arindlng  mMblne 
nwd. 

li 

il 

S  . 

H 

£ 

• 

11 

II 

i 

mill 

•.01 
IJ.1S 

8.8* 
»M 
*.W 
li.00 
«.« 

8.88 

14.M 
1I>.W 

1T.M 

18,81 

IIM 
18.80 

lG.8t 

«.« 

S.W 
7.81 

7.82 
6.10 

«.!? 

H.G} 

e.18 

tlM 

tt.a 

».« 

SS.M 

a.ta 

tl.K 
M.T» 

::: 

i>.» 

S0.53 
18.8B 
IS-tG 

18.48 
1S,18 

11.80 

1T.88 

Tube  mill 

TnbtmilU 

OrlfllDmin 

QrlfflnmUl 

QrlfflDmlll 

Qrifflnrolll 

arlfflumm 

Oflrmanoement.. 

llj  Hill-BtoneB I  T.88|  0.M  I  8.G8  110.4!  |I8.W  IU.T4  |8t.04  110.81 

It  Tabe  milL 10.08  13.8B    8.E0  ll.»  iS.IE  M.TS  18.86  S1.8S 

Itl  Mill— tonai. Iia.wlllj>l  «■»  lia.M  lai.OB  llT.4»ll6.70  lw.87 


It  is  evident  that  these  data  are  not  sufficient  to  dispar- 
age   any  particular  machine,  as   the  mode  of  operation,. 
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the  rate  of  feeding,  etc.,  govern  to  a  large  extent  the 
fineness  of  the  output.  The  figures  given  do  show  however, 
how  fine  commercial  cements  are  being  ground.  The  ten- 
sile strength  of  the  various  cements,  of  course,  is  not  solely  a 
function  of  the  fineness,  but  is  dependent  much  more  on  the 
proper  chemical  composition,  thorough  blending  of  the  raw 
mixture,  good  burning  and  the  length  of  storing. 

Besides  these  tests,  the  writer  has  about  completed  a 
large  synthetic  series  of  cement  mixtures,  burnt  at  different 
temperatures,  intended  to  show  the  function  of  the  chemical 
composition  in  regard  to  producing  hydraulicity. 

The  first  series  is  to  show  the  hydraulic  strength  of  syn- 
thentical  cements,  of  the  Roman  cement  type,  burnt  at  900^, 
1000°  and  1100°C.  As  the  basis  of  the  cement  composition, 
there  were  used  the  formulae:  X(2.5  CaO  SiOj)  +  Y  (CaO 
AlaOa);  X  (2.0  CaO  SiOa)  +  Y  (CaO  AI2O3);  X  (1.5  CaO  SiOj) 
+  Y  (CaO  AlaOa);  X  (CaO  SiOa)  +  (CaO  AlaOs). 

The  clayey  material  was  introduced  two-fold;  first,  by 
kaolin,  46. 4  per  cent.  Si02, 39.7  per  cent.  AI2O3, 13.9  per  cent. 
H2O;  second,  by  a  mixture  of  kaolin  and  flint,  containing 
70  per  cent.  Si02,  22. 21  per  cent.  A^Og,  7. 7  per  cent.  H20. 
The  silica-alumina  ratio  in  the  first  case  is  1.17 :  1, 
while  in  the  second,  the  ratio  is  1  :  1.69.  The  lime  was 
brought  in  as  whiting  of  the  best  quality,  which  of  course,  is 
the  same  as  ground  limestone. 

The  mixtures  were  ground  wet  in  a  porcelain  ball 
mill  for  six  hours  and  heated  for  two  hours  at  the  temper- 
tures  given.  The  results  of  this  series  of  tests  are  shown  in 
Table  VIII  on  the  succeeding  page. 

The  American  natural  cements  and  the  presence  of  so 
much  dolomite  in  Ohio^  suggested  the  replacement  of  the 
CaO  molecule  by  the  double  molecule  MgCOs  CaCOs  in 
equivalent  proportion.  The  experiments  were  carried  out 
as  those  of  table  VIII.  A  natural  Ohio  dolomitic  lime- 
stone was  used.  The  results  of  this  series  are  given  in 
Table  IX* 


7  Cer. 
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TABLE  VIIL 


Tenille 

strength 

1  oement: 

■ 

Olay  Base. 

Formula  of 
Oement. 

Tempera- 

tare. 

1  sand,  tt 
dayi.  lbs. 

Remark!. 

o 

periqaare 

% 

Inch. 

1 

2 

Kaolin 

do 

do 
66%  kaolin ) 
44%  flint     \ 

f  2.6  CaO  SiOi 
I  CaO  AliOs 

do 

do 

do 

900C 

1000 
1100 

900 

Brlquetfl   broke 
Softened. 

8 

Not  tested. 

4 

181 

^^       ^^          ^^    ^^  ^^^    ^m    ^^    ^V^H  » 

5 

do 

do 

1000 

226 

6 

do 

do 

1100 

Not  tested. 

7 

Kaolin 

\  2.0  CaO  8iO» 
ICaOAliOs 

900 

20 

Softened. 

8 

do 

do 

1000 

183 

9 

do 
66%  kaolin ) 
44%  flint     \ 

do 
do 

1100 
900 

Not  tested. 

10 

182 

^^M  V  ^^^  ^v   ^^  ^1^  ■  •  ^^  ^»^  ^"^  ^ 

11 

do 

do 

1000 

218 

12 

do 

do 

1100 

111 

Set  too  rapidly 

18 

Kaolin 

( 1.6  CaO  SiOs 
\  CaO  AlsOs 

900 

87 

14 

do 

do 

1000 

108 

16 

do 

do 

1100 

46 

Softened. 

16 

66%  kaolin  \ 
44%  flint     / 

do 

900 

216 

17 

do 

do 

1000 

211 

18 

do 

do 

1100 

208 

19 

Kaolin 

/ 1  CaO  SiOi 
I  CaO  Alt Os 

900 

Softened  and 
broke. 

20 

do 

do-^ 

1000 

96 

21 

do 

do 

1100 

71 

22 

66%  kaolin  \ 
44%  flint     / 

do 

900 

18B 

28 

do 

do 

1000 

166 

24 

do 

do 

1100 

46 

A  great  many  interesting  features  are  brought  out  by 
the  last  two  tables,  which  I  lack  space  to  discuss.  In  gen- 
eral, table  VIII  indicates  that  the  temperatures  900,  1000, 
1100°C  are  too  low  to  bring  out  the  full  hydraulicity  of  the 
mixtures.  The  kaolin  seems  less  efficient  than  the  kaolin- 
flint  mixture. 

Table  IX  shows  that  we  are  dealing  with  a  narrow 
temperature  range  of  hydraulic  activity.  Whether  the 
breaking  down  of  the  silicates  is  due  to  the  two  rates  of  hy- 
dration, the  slow  one  of  magnesia  and  the  rapid  one  of  lime 
cannot  be  said  definitely ,  but  seems  probable.  Here  also  the 
kaolin-flint  mixture  is  more  effective  than  the  pure  kaolin. 
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^ 

TABLE  IX. 

Tensile 

strength 

1  cement: 

Olay  Base. 

Formala  of 

Temper- 

1  sand;  S8 

Remarks. 

• 

Oement. 

atare. 

aays.    lbs 

o 

per  square 

% 

Inch. 

^ 

Kaolin 

\  2.5(CaMK)08iOi 

\  (CaMg)  OAlsOs 

860«C 

261 

26 

do 

do 

960 

820 

27 

do 

do 

1050 

148 

28 

56«  kaolin  ) 
44%  flint     5 

do 

860 

175 

29 

do 

do 

960 

285 

80 

do 

do 

1060 

284 

81 

Kaolin 

f  2.0(CaMg)OSiOf 
l(CaMg)OAl808 

860 

82 

82 

do 

do 

950 

80 

38 

do 

do 

1060 

Soft,  broke. 

84 

56^^  kaolin  \ 
449^  flint     / 

do 

850 

251 

Works  up  well. 

^5 

do 

do 

950 

256 

86 

do 

do 

1060 

48 

87 

Kaolin 

f  1.5(CaMg)OSiOi 
I  (CaMg)  OAliOs 

860 

Broke. 

^L^^  ^^JK&^  • 

88 

do 

do 

950 

Briquets  broke. 

89 
40 

do 
XJ^(fo  kaolin  ) 
44%  flint     ( 

do 
do 

1060 
850 

89 

41 

do 

do 

950 

324 

42 

do 

do 

1050 

Briquets  broken 
r  Briquets  br'ke 
\  in  Clip. 

48 

• 

Kaolin 

/ 1  (CaMg)  OSiOj 
I  (CaMg)  OAhOa 

860 

44 
45 

46 

do 

do 
569^  kaolin  \ 
44%  flint     / 

do 
do 

do 

950 
1060 

860 

do 

^A^^ 

837 

47 

do 

do 

950 

313 

48 

do 

do 

1050 

Briquets   broke 

in  handling. 

The  survey  has  extended  this  series  to  a  higher  tempera- 
ture and  has  also  embraced  the  Portland  cements  in  a  similar 
set  of  experiments. 

The  Portland  cement  series  seems'  to  show  that  high 
silica  clays  invariably  produce  the  best  cements,  provided  of 
course,  that  the  mixture  contain  the  proper  lime  ratio,  is 
ground  sufficiently  and  burnt  thoroughly.  The  addition  of 
free  silica  as  sandstone  is  in  many  cases  of  great  benefit.  In 
order  to  do  this  economically,  the  stone  should  first  be  cal- 
cined in  a  vertical  or  any  other  suitable  kiln  and  quenched 
with  water  while  hot.     It  should  be  ground  separately,  being 
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added  to  the  mixture  in  a  ground  condition.  This  is  due  to 
the  fact  that  quartz  does  not  grind  well  when  enveloped 
by  particles  of  clay. 

The  addition  of  a  small  amount  of  iron  ore  often  assists 
vitrification  and  improves  the  behavior  of  poor  cements. 

It  appears  that  rotary  kiln  clinker  contains  the  greater 
part  of  its  iron  as  ferric-oxide  in  spite  of  the  black  color 
of  the  clinker. 

Our  knowledge  of  cements  must  be  built  up  step  by 
step,  synthetically  and  analytically,  by  a  natural  reasoning 
process  and  cannot  be  increased  by  purely  hypothetical  as- 
sumptions. Too  much  theorizing  and  not  sufficient  experi- 
mental work  has  been  done. 


Note  by  Secbetaby  :  This  paper  was  read  by  title  at  the  Boston 
meeting  and  consequently  received  no  discussion.  Discussion  is  now 
specially  invited,  and  if  submitted  in  writing  will  appear  in  future 
volumes  of  the  transactions. 
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NOTE  ON  VAPOR  GLAZING. 

By  Lawbence  E.  Babbingeb,  E.  M.  in  Cbb., 
soheneotady,  n.  y. 

In  a  paper  on  ''  The  Relation  Between  the  Constitution 
of  a  Clay  and  its  Ability  to  take  a  Good  Salt  Glaze,"  which 
appeared  in  Vol.  IV  of  the  Transactions  of  this  Society,  the 
writer  showed  the  exact  relation  between  the  glaze  and 
body  of  the  Logan  ware,  as  well  as  other  facts  connected 
with  the  process  of  salt-glazing,  and  the  points  brought  out 
may  be  applied  to  salt-glazed  wares  in  general.  It  is  the 
object  of  the  present  note  to  criticise  certain  statements 
made  by  Mr.  Wilton  P,  Rix*  in  a  paper  entitled  **  Note  on 
the  Vaporous  Method  of  Glazing  Pottery"  which  to  the  writer 
appear  far  from  accurate  in  the  light  of  his  own  work  along 
this  line. 

Mr.  Rix  ascribes  the  decline  of  vaporous  glazing  to  the 
demand^or  cheapness  and  for  uniformity  of  texture  and 
color.  This  is  probably  true  with  reference  to  salt- 
glazing  fine  wares  and  the  process  is  no  doubt  in  decad- 
ence in  this  country  in  the  stoneware  industry.  But  for 
coarse  wares  such  as  bricks,  sewer-pipes,  conduits,  etc., 
these  very  points  of  cheapness  and  uniformity  put  the  salt- 
glaze  in  a  class  of  its  own.  For  these  products  there  is  cer- 
tainly no  cheaper  method  and  the  practice  is  well  established 
and  flourishing  for  this  class  of  clay  goods. 

After  mentioning  three  distinct  processes  of  vapor  glaz- 
ing, namely,  (a)  the  development  of  a  carbonaceous  atmos- 
phere in  the  kiln,  to  have  a  reducing  effect,  as  in  lustres,  (b) 
the  development  of  a  plumbiferous  atmosphere  as  in  smeared 
wares  and  (c)  the  development  of  alkaline  atmosphere  as  in 
salt-glazes;  and  remarking  that  only  the  two  latter  involve 
the  essential  principle  of  vapor  glazing,  Mr,  Rix  goes  on  to 
discuss  salt-glazing  and  says  concerning  the  temperature 
employed,  "  Neither  does  the  action  of  glazing  take  place 
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except  at  a  temperature  of  about  1200^C."  This  sounds 
final  and  is  certainly  to  be  taken  as  meaning  that  good  suc- 
cess in  the  work  is  not  attendant  upon  temperatures  lower 
or  higher  than  that  mentioned.  In  the  salt-glazing  kilns  of 
Logan,  however,  the  temperature  is  regularly  1350°C  or 
more, — never  less.  And  in  certain  sewer  pipe  works  which 
have  come  to  the  writer's  notice,  the  glazing  heat  is  aboutr 
1140°C.  In  the  first  place  a  fire-clay  is  used  for  the  body^ 
and  in  the  second  place  a  shale.  Certainly  it  seems  that 
Mr.  Rix  should  either  modify  his  statement  or  else  specify  the 
nature  of  the  body  to  which  this  is  applicable. 

As  to  the  chemical  composition  of  the  body,  Mr.  Rix 
recommends  highly  silicious  clays  for,  he  says,  "  The  chemi- 
cal action  of  the  salt  upon  the  ware  only  takes  place  upon 
the  silicious  particles  of  the  ware."  To  tl^is  I  wish  to  make 
vigorous  objection.  An  analysis  of  the  Logan  salt  glaze 
gives  the  following  composition: 


1.326  NaaO 
.003  EsO 
.297  CaO 
.003  MgO 


1.000  Als  Os 
.078FetOs 


4.418  SiOs 


Where  do  the  other  ingredients  apart  from  soda  and  sil- 
iaa,  particularly  alumina,  come  from^  if  not  from  the  body? 
It  was  also  shown  by  the  experiments  carried  out  by  the 
writer  that  silica  alone  could  not  be  salt-glazed,  and  that  a 
clay  base  was  as  necessary  to  the  operation  as  free  silica. 
In  fact,  a  combination  of  clay  base  and  free  silica  is  neces- 
sary in  the  body  to  be  salt-glazed,  and  the  proportions  of 
these  must  be  such  that  the  ratio  of  alumina  to  silica  will 
fall  within  the  limits  of 

1.00  alumina  :4.6  silica 
1.00       **        :12.5     " 

As  a  rule  all  the  constituents  of  the  body  are  attacked  by 
the  salt  fumes  and  there  results  a  soda-alumina-silicate  with 
small  proportions  of  alkaline  earths  and  iron  included  in  the 
glass. 

Alluding  to  the  sand  particles  in  the  body,  Mr.  Rix  as- 
serts that  the  best  results  are  obtained  when  these  particles 
are  very  fine,  that  is,  able  to  pass  through  a  120  to  140  meiA 
sieve.     Referring  again  to  my  experiments  along  this  line  I 
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would  call  attention  to  the  conclusions  arrived  after  trials  of 
sands  of  different  finenesses  (from  40  mesh  to  floated  flint 
which  would  not  settle  in  water  in  twenty  minutes)  namely, 
"As  regards  brightness,  smoothness  of  finish  of  the  salt 
glaze,  it  makes  but  little  difference  whether  the  free  silica  in 
the  clay  is  fine  or  coarse,"  and  I  have  great  confidence  in  the 
accuracy  of  the  work  performed  which  led  to  this  conclusion. 
Fineness  of  sands  affects  color,  but  not  texture. 

Concerning  the  kiln  atmosphere  Mr.  Rix  says,  "  If  the 
salt  is  introduced  into  a  reducing  atmosphere,  the  color  of 
the  ware  must  inevitably  be  dark  and  blackish  in  appear- 
ance, nor  can  this  result  be  remedied  afterwards."  The 
writer  has  taken  a  brick  on  which  was  a  salt  glaze,  light  green 
in  color,  and  again  placed  it  in  a  kiln  and  the  second  time  it 
came  forth  a  dark  brown.  The  same  brick  put  into  a  kiln 
the  third  time  came  out  a  light  green  again.  Furthermore, 
the  brick  in  the  bag  walls  of  salt-glazing  kilns  are  light  in 
color  after  some  firings,  and  dark  after  others.  The  color  of 
the  salt  glaze  is  subject  to  change,  therefore,  but  whether 
this  can  be  contiolled  throughout  an  entire  kiln  has  not  yet 
been  demonstrated. 

With  reference  to  cooling  the  kiln  during  salting 
this  statement  appears  in  Mr.  Rix's  paper,  "  In  dealing 
with  salt  glazing,  the  process  of  the  introduction  of  the  salt 
necessarily  involves  the  loss  of  heat  through  the  inflow  of 
cold  air  through  the  aperatures  by  which  the  salt  is  intro- 
duced, and  it  is  possible  by  this  means  so  far  to  lower  the 
temperature  of  the  kiln  that  the  surface  of  the  ware  is  no 
longer  in  a  condition  to  favor  a  chemical  action,  the  salt  be- 
ing merely  deposited  on  the  surface.  For  this  reason,  it  is 
generally  desirable  to  add  the  total  amount  of  the  salt  in 
two  or  three  portions,  increasing  the  temperature  by  a  light 
firing  between  each  addition."  As  to  the  dissociation  of  the 
salt  being  an  endothermic  reaction,  by  which  the  kiln  is  very 
considerably  cooled,  Mr.  Rix  says  nothing  whatever.  Why 
should  opening  the  fire  doors  to  introduce  salt  cool  the 
kiln  more  than  would  be  the  case  in  the  introduction  of  coal 
at  each  firing?  In  salting,  the  temperature  of  the  kiln  is 
unquestionably  lowered,  but  I  think  there  can  be  no  doubt 
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but  that  most  of  the  cooling  is  due  to  the  heat-consuming 
reaction  which  takes  place  during  salting  and  that  the  kiln 
can  not  be  said  to  be  seriously  cooled  by  the  mere  opening 
of  aperatures  to  introduce  salt.  In  some  plants,  it  is  the 
custom  to  mix  with  the  salt  resin  and  crude  oil,  or  other 
substances  high  in  calorific  value,  to  prevent  chilling  of  the 
kiln  during  salting  by  the  rapid  combustion  of  these  sub- 
stances. Mr.  Ira  A.  Williams*  has  shown  how  the  amount 
of  resin  and  oil  required  to  theoretically  supply  the  heat 
units  consumed  by  the  dissociation  of  each  unit  of  salt  may 
be  calculated  by  a  study  of  the  reactions  involved.  It  would 
seem  that  Mr.  Rix  has  overlooked  the  main  cause  of  cooling 
during  salting. 

While  the  points  brought  out  in  my  previous  paper  were 
based  on  careful  experimental  work,  covering  several  months 
and  are  reliable  statements,  I  am  sure,  I  do  not  hold  that 
they  are  all  indisputable  by  any  means.  But  differing  con- 
clusions should  come  from  careful  tests  and  observations 
and  in  Mr.  Rix's  paper  no  reference  is  made  to  any  prelimi- 
nary work  upon  which  he  based  his  statements.  In  reading 
the  paper,  one  can  only  accept  most  of  the  assertions  as  being 
the  personal  opinions  of  the  author. 

The  subject  of  salt-glazing  offers  a  wide  field  for  experi- 
ment, and  one  that  presents  much  that  is  indeed  interesting. 

DISCUSSION. 

Mr,  Alfred  Yates:  Do  I  understand  from  this  paper, 
that  salt  glazing  is  wholly  unreliable  as  to  color,  and  is  liable 
to  be  dark  or  bright,  or  whatever  it  happens  to  be?  The  color 
is  entirely  due  to  the  burner.  I  f  the  burner  will  properly 
prepare  his  fires,  rake  up  and  clear  them,  so  he  has  a  per- 
fectly oxidizing  flame,  and  put  the  salt  on  it  in  that  state,  he 
will  get  a  bright  color  every  time.     That  is  my  experience. 

Mr.  Karl  Langenbeck :  Mr.  Wilton  Rix  says  that  if  what 
you  give  as  the  necessary  preliminary  steps  are  not  taken, 
then  the  color  cannot  be  brightened  afterwards  by  an  oxidiz- 
ing fire.  And  it  seems  to  be  the  claim  of  Mr.  Barringer  that 
taking  a  brick  that  is  greenish  and  not  bright,  he  has  put  it 
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into  an  oxidizing  fire  and  changed  the  color,  which  Mr.  Rix 
asserted  flatly  wonld  not  be  the  case. 

Professor  Edward  Orton^  Jr. :  Mr.  Barringer  did  not  say 
an}rthing  about  reliability  of  color.  He  said  that  Mr.  Rix  had 
made  a  statement,  which  his  own  experience  did  not  bear 
out,  and  that  he  had  found  that  a  salt  glaze  could  be  reduced 
and  oxidized  back  and  forth. 

Mr.  Langenbeck:  Perhaps  Mr.  Rix  had  this  practical 
point  in  mind;  if  a  fire  has  been  crowded,  and  the  kiln  is 
possibly  spoiled  so  far  as  the  appearance  of  the  ware  is  con- 
cerned, the  color  of  the  kiln  as  a  whole  cannot  be  recovered 
in  good  condition.  Mr.  Barringer's  statement  would  be  no 
answer  to  that  fact.  Probably  Mr.  Yates  has  had  some  ex- 
perience in  recovering  a  kiln  of  ware  which  had  been  spoiled 
by  the  burner,  and  has  that  in  mind  in  making  his  statement? 

Mr.  Yates:  I  know  if  you  have  a  carbonaceous  flame, 
you  will  have  a  spoiled  kiln.  The  fires  must  be  perfectly 
clear,  and  if  they  are,  you  will  get  a  reliable  uniform  color. 

Professor  H,  A.  Wheeler:  Yes,  if  you  salt  once  or  twice, 
and  then  rake  up  and  work  your  fires  and  get  them  into 
proper  condition,  the  second  salting  will  be  all  right;  but 
don't  salt  unless  the  fire  is  all  right 

Professor  Orion:  Doubtless  these  recommendations 
sound  very  satisfactory,  but  I  do  not  think  they  wholly  settle 
the  case.  I  know  of  one  plant  where  they  use  natural  gas, 
and  maintain  probably  as  nearly  perfect  oxidizing  conditions 
as  can  be  obtained  in  any  kiln,  and  yet  their  results  do  not  fol- 
low out  the  course  indicated  by  Mr.  Yates.  In  this  same 
plant,  I  have  repeatedly  seen  bricks  with  green  ferrous  col- 
orations, mixed  with  yellow  or  brown  ferric  colorations,  and 
yet  the  firing  was  said  to  be  done  under  oxidizing  condi- 
tions. I  mention  this  as  showing  that  there  are  a  good 
many  unsolved  problems  in  connection  with  the  matter. 

I  have  from  that  factory  a  piece  of  salt  glazed  ware  made 
in  the  shape  of  a  funnel,  the  coloration  of  which  is  brown  on 
one  side,  and  green  on  the  other.  What  is  more,  the  brown 
covers  one  half  exactly,  and  the  green  covers  the  other  half 
exactly,  the  line  between  being  as  sharply  defined  as  you 
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could  draw  with  a  piece  of  chalk.  I  happened  to  get  pos- 
session of  the  piece  by  asking  the  manager  of  the  plant  how 
he  accounted  for  these  occasional  green  bricks  mixed  among 
the  brown  ones.  He  said  he  did  not  know.  I  said,  "You 
always  find  them  in  the  same  relative  places,  don't  you? 
That  is,  you  find  the  green  ones  where  they  were  out  of  the 
current  of  the  gases  during  the  cooling  of  the  kiln,  and  the 
brown  ones  where  they  were  well  exposed."  He  said,  **0h 
no;  you  are  mistaken.  You  are  liable  to  find  the  green 
bricks  right  in  the  middle  of  a  wall  of  brown  ones,  where  the 
same  gases  must  have  bathed  the  surface  of  each  alike."  I 
expressed  incredulity,  and  said  I  would  like  to  see  an  in- 
stance, but  he  said  he  had  no  kiln  open  at  that  time,  but  he 
was  perfectly  satisfied  that  he  was  right. 

Up  to  this  point,  you  can  see  I  was  very  much  inclined 
to  view  these  green  and  brown  colorations  as  being  purely 
oxydation  and  reduction  phenomena,  as  Mr.  Yates  and  Prof. 
Wheeler  seem  to  think.  But,  as  I  still  remained  uncon- 
vinced, the  manager  brought  out  this  funnel,  one  half  of  one 
color  and  one  half  the  other.  I  immediately  said  that  the 
piece  had  been  pressed  in  two  halves,  and  that  the  clay  or 
treatment  had  not  been  the  same  before  burning.  This  he 
denied,  stating  that  the  two  halves  were  made  by  the  same 
man  from  clay  from  the  same  pile  which  had  been  tem- 
pered and  brought  up  to  him  in  one  quantity  and  put  in  a 
box  to  keep  it  from  drying  out  too  fast. 

If  this  were  all  true,  I  was  compelled  to  admit  that 
bricks  might  show  an  equal  divergence  in  color  under  the 
same  treatment  in  the  cooling  or  salt  glazing.  But  it  seems 
to  me  impossible  to  account  for  this  change  of  color  on  the 
re-oxidation  theory. 

It  seems  to  me  necessary  to  assume  some  difference  in 
the  treatment  of  the  two  halves  of  that  funnel.  I  don't  be- 
lieve it  could  be  a  matter  of  oxidation  and  reduction,  when 
it  was  sitting  on  the  top  of  the  other  wares,  exposed  to  the 
same  gases,  both  in  setting  and  cooling.  I  cannot  see  how 
the  gases  could  strike  it  in  such  a  way  as  to  make  so  sharp 
a  line  of  divison  between  the  two  colors.  It  must  be  a  dif- 
ference either  in  the  clay  body,  or  in  the  treatment  of  the 
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two  halves.  A  difference  in  the  clay  body  might  easily  have 
occurred,  but  the  manager  was  emphatic  in  saying  that  no 
such  thing  did  occur.  He  said  one  half  was  pressed  just 
before  noon,  and  the  other  half  immediately  after  the  man 
came  back  from  dinner. 

It  might  be  said  that  one  half  was  lying  longer  in  the 
mold,  and  took  up  more  saline  matter  from  the  mold  than 
the  other.  But  Mr.  Barringer  in  his  work  on  this  subject 
made  some  experiments  on  this  point  by  adding  small  addi- 
tions of  calcium  sulphate  and  magnesium  sulphate  to  the 
same  clay.  The  effect  was  to  make  the  trial  pieces  take  on 
an  unusually  rich  brown  salt  glaze,  even  where  a  very  small 
quantity  had  been  added.  It  was  a  very  much  darker,  hand- 
somer glaze  than  when  the  clay  was  glazed  without  the 
addition  of  these  soluble  sulphates.  It  does  not  appear 
from  the  test  that  either  half  of  this  particular  funnel  bore 
any  relation  to  the  presence  of  these  salts  from  the  mold. 
In  fact,  the  color  phenomena  in  this  plant  are  most  remark- 
able, and  I  think  I  have  said  enough  to  show  that  it  cannot 
be  explained  by  any  superficial  recommendations  like  merely 
salting  when  the  fires  are  clear. 

Mr,  Yates :  I  want  to  ask  a  question  about  this  place. 
They  burned  natural  gas,  you  say.  Do  they  burn  with  a 
blue  flame  or  not? 

Professor  Orton:  No,  sir,  the  flame  in  the  firebox  is 
white  or  incandescent.  It  might  be  blue,  at  lower  tempera- 
tures. 

Mr.  Yates:  If  it  gets  too  blue  a  flame,  it  becomes  al- 
most incandescent.  If  the  kiln  is  worked  by  a  damper,  that 
creates  currents.  The  minute  the  burner  dampers  his 
kiln,  he  loses  combustion,  and  instead  of  a  blue  flame,  he 
gets  a  carbonaceous  flame,  and  where  that  flame  strikes,  it 
produces  a  difference  in  color. 

Mr,  Langenbeck :  I  would  like  to  bear  out  Mr.  Yates' 
observations,  and  still  claim  that  something  further  must  be 
brought  to  bear,  than  that  the  mere  method  of  passing  in 
the  gaseous  fuel  creates  uniformity  in  color.  The  mixture 
of  gases  in  a  kiln  is  much  like  a  mixture  of  liquids  in  a  ves- 
sel.   Anyone  who  has  played  with  a  mixture  of  colored 
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liquids  in  water,  has  noticed  how  long  a  time  the  eddies  of 
colored  liquid  will  pass  through  the  water  in  all  directions 
before  making  a  uniformly  colored  liquid. 

Anyone  who  have  observed  with  any  degree  of  interest, 
the  red  porcelains  originally  made  by  the  Chinese  and 
Japanese,  with  a  slight  addition  of  copper  to  their  glaze, 
which  under  certain  conditions  is  a  pale  tint,  and  again  a 
brilliant  one,  will  have  noticed  this.  Their  white  porcelain 
body  has  been  glazed  by  dipping  into  a  uniform  glaze  in  the 
slush  tub,  so  the  glaze  must  be  the  same  throughout  the  en- 
tire body,  but  you  will  find  almost  invariably  that  the  bril- 
liant red  on  the  reduced  oxide  of  copper  is  on  certain 
prominent  places,  looking  as  though  a  flame  had  struck  the 
body  and  skirted  off  the  depressions.  I  don't  know  whether 
I  make  myself  understood.  (Going  to  a  blackboard)  We 
have,  for  instance,  a  little  vase  or  tea  jar  with  a  section 
like  this,  (illustrating)  of  Seger  porcelain.  That  will  be 
flamed  red  all  around  here,  (indicating)  and  tip  to  this  lip, 
and  there,  and  around  this  tiirned-up  edge  of  the  foot.  I 
could  imagine  it  caused  by  the  swirls  of  oxidizing  flame  like 
(illustrating),  and  swirls  of  reducing  flame  right  beside 
them,  causing  a  softening  all  around  it.  We  have  to  keep 
before  us  the  mixtures  of  gases  in  the  kiln,  which  even  if  it 
is  a  gaseous  one  is  still  full  of  swirls  and  inequalities. 

Mr.  Stanley  G.  Burt:  Mr.  Chairman,  two  points  have 
occurred  to  me  in  connection  with  this  question  of  a  red 
color  being  developed  on  one  side  of  a  piece  and  not  on  the 
other.  The  finest  ox-blood  red  I  ever  saw,  was  in  a  piece 
gotten  by  Mrs.  Bellamy  Storer.  She  made  a  piece  of  ware 
one  morning  and  put  it  in  the  kiln  and  turned  on  the  gas 
and  then  went  away  and  forgot  about  it.  It  was  well  after 
lunch  time  when  she  recollected  it,  and  rushed  down  to  turn 
off  the  gas,  expecting  to  find  the  piece  ruined.  When  she  took 
the  piece  out  of  the  little  kiln,  she  found  the  side  of  the  sagger 
had  cracked,  and  through  this  crack  the  gas  had  played  on 
the  ware,  striking  the  piece  on  one  cheek,  as  Mr.  Langenbeck 
has  explained.  There  is  this  gorgeous  spot  of  red  where 
this  crack  was,  all  the  rest  of  the  piece  being  in  the  natural 
green  of  the  higher  cupric  oxide. 
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Another  point  in  the  paper  which  to  me  was  very  inter- 
esting has  not  been  called  up,  and  I  would  like  to  hear  it 
discussed.  Mr.  Barringer  makes  the  statement  that  the 
question  of  fineness  of  grain  of  the  silica  hasn't  anything  to 
do  with  the  formation  of  the  salt  glaze,  but  it  does  affect  the 
color.  I  think  we  have  not  heard  from  those  discussing  this 
paper  about  this  question,  and  I  would  like  to  have  it  ex- 
plained.    It  is  a  very  interesting  point. 

Professor  Orton:  In  Mr.  Barringer's  tests,  fine  silica 
produced  a  remarkable  lightening  in  color.  Take  the  clay 
Mr.  Barringer  experimented  on,  and  add  to  it,  say,  two  parts 
of  coarse  silica  and  the  color  of  the  ware  is  little  changed. 
But  add  the  same  quantity  of  fine  floated  silica,  and  the 
color  of  the  salt-glazed  piece  is  very  much  lighter.  The 
change  in  color  may  come  in  two  ways.  The  same  silica 
being  fine,  is  distributed  in  many  hundred  times  more  grains 
and  thus  affects  the  color  of  the  body,  rather  than  the  glaze. 
And  secondly,  the  sodium  may  take  up  fine  silica  so  much 
more  easily  than  it  does  coarse  silica,  that  it  preys  less  on 
the  ferrugineous  body  materials,  and  makes  a  lighter,  clearer 
colored  glaze.  Perhaps  both  reasons  enter  into  the  expla- 
nation. 

Mr,  Isaac  Hardy :  What  little  experience  I  have  had 
along  that  line  bears  out  what  is  in  the  paper.  The  finer 
the  clay,  the  lighter  the  goods;  the  coarser  the  clay,  the 
darker  the  goods.  I  have  never  thought  much  about  the 
matter,  but  I  should  think  that  with  the  finer  clay  you  would 
have  the  denser  body;  with  a  coarser  clay,  a  more  open 
body,  and  the  sodium  vapors  can  get  more  iron  out  of  the 
clay,  and  this  makes  a  darker  colored  glaze. 

Mr.  Frank  W.  Walker:  Before  the  discussion  on  this 
paper  closes,  I  would  like  to  say  that  this  is  the  kind  of 
paper  that  this  Society  should  encourage.  The  criticism  of 
previous  papers,  the  drawing  out  of  points  of  difference  in 
the  views  of  different  members  are  of  the  greatest  import- 
ance. In  that  way  we  will  get  the  real  value  of  the  papers 
which  have  been  presented  at  previous  meetings,  much  bet- 
ter than  from  the  discussion  which  takes  place  at  the  time 
the  paper  is  read.    I  believe  this  is  the  first  thing  we  have 
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had  in  the  way  of  criticism  of  a  previous  paper,  and  I  hope 
that  the  example  will  be  imitated  hereafter. 

Professor  Wheeler:  The  question  as  to  the  influence  of 
the  fineness  of  the  silica  seems  capable  of  very  simple  ex- 
planation. In  the  case  of  sewer  pipe,  if  your  clay  is  coarse, 
you  get  a  very  thin  film  of  glass  covering  and  hiding  the 
oxide  of  iron.  The  free  oxide  of  iron  gives  color  to  the  ma- 
terial, and  if  the  flame  happens  to  be  oxidizing  it  will  be 
dark;  if  reducing,  light.  If,  however,  the  silica  is  in  a  very 
fine  state  of  division,  you  will  produce  such  a  large  amount 
of  glass,  and  of  such  high  fluxing  value,  that  all  the  iron 
will  pass  into  some  chemical  condition  which  is  not  a  sili- 
cate of  iron;  in  that  event,  its  coloring  influence  is  very 
slight.  You  will  recall  that  there  are  some  minerals  of  very 
high  percentage  of  iron,  but  not  of  strong  color,  because  the 
iron  is  in  a  combined  condition.  Other  minerals^  however, 
with  a  low  percentage  of  iron,  in  free  state,  will  have  more 
powerful  colors.  I  think  in  the  one  case,  the  iron  is  fixed ; 
in  the  other,  partially.  I  rather  think  that  is  the  probable 
solution. 


UNDERGLAZE  CERAMIC  COLORS. 

By  Edward  C.  Stovbb,  Trenton,  N.  J. 

To  attempt  anything  like  an  exhaustive  set  of  experi- 
ments in  systematic  order  on  Ceramic  Colors  generally,  and 
the  various  ways  in  which  they  are  applied,  and  to  show 
how  each  would  be  affected  by  the  various  fluxes  and  hard- 
ening substances  used  with  them,  and  how  affected  by 
glazes,  of  all  the  different  compositions,  and  of  the  varying 
quantities  of  each  of  the  constituents,  and  at  the  various 
heats  in  general  use,  and  also  on  the  different  kinds  of 
bodies,  would  involve  trials  running  way  up  into  the 
thousands,  to  say  nothing  of  the  stained  slips,  and  stained 
glazes,  as  well  as  other  glaze  or  enamel  colors. 

Seger  has  correctly  stated  that  the  Ceramic  Colors  can 
only  be  determined  by  trial.  This  statement  can  readily  be 
verified  by  making  some  trials  to  prove  any  theories  that  may 
be  set  forth  regarding  colors. 

My  first  scheme  of  the  trials  to  be  made  for  this' paper 
was  based  on  the  use  of  seven  oxides,  viz. :  Cobalt,  Copper, 
Nickel,  Manganese,  Chromium,  Uranium  and  Iron,  and  also 
a  prepared  Chrome-Tin  pink,  making  eight  different  color 
trials  to  run.  I  also  expected  to  use  two  reducing  mixtures; 
first,  a  flux  taken  from  J.  B.  Corfeld's  recipe  book;  and 
second,  a  spinel  of  each  color  according  to  the  Seger 
formula.  All  of  these  combinations  were  to  be  tried  on 
three  different  bodies,  viz.:  bone-china;  vitreous,  hotel 
china;  and  white  granite.  Further,  each  color  was  to 
be  tried  in  four  ways — 1st  print  underglaze,  2nd  print  on  the 
glaze,  3d  ground-laid  on  glaze,  and  ground-laid  under  glaze. 
These  were  all  to  be  fired  in  a  glost  kiln,  under  seven  types 
of  glazes,  and  were  to  be  fired  at  six  different  heats.  Cone 
02,  3,  6,  8,  10  and  12.  But  as  this  line  of  experiments  would 
involve  over  8000  trials,  and  would  necessitate  my  having 
the  greater  portion  of  them  fired  by  some  of  my  friends,  to 
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get  the  desired  heats,  it  was  absolutely  essential  that  the 
series  of  trials  should  be  materially  reduced.  Finally,  the 
trials  as  presented  here,  numbering  1152,  were  made  along 
the  following  lines: 

The  seven  oxides  above  referred  to,  including  the  tin- 
pink,  were  treated  with  the  Corfeld  flux,  and  as  spinels, 
under  nine  different  glazes,  fired  at  cone  6,  and  nine  glazes, 
fired  at  cone  8,  on  two  kinds  of  bodies,  bone-china  and  vit- 
reous tile,  in  two  ways  each,  underglaze  and  on  glaze,  all 
fired  in  glost  kilns. 

Each  trial  has  been  marked  in  underglaze  black  on  the 
back,  by  the  cone  number,  serial  number  of  glaze,  by  the 
letter  indicating  the  oxide,  and  with  a  dash  under  the  oxide 
letter  indicating  underglaze;  those  without  this  dash  were 
put  on,  on  the  glaze,  and  all  fired  in  glost  kiln.  The  trials 
marked  with  a  small  1  were  spinel,  while  those  without 
this  letter  were  half  oxide  and  half  Corfeld  flux. 

The  spinel  mixtures  were  made,  and  calcined  in  biscuit 
oven,  covered,  but  to  allow  air.  They  were  compounded 
according  to  the  Seger  method  of  spinel  as  follows: 

NiO    0.5  MgO  0.6  AltOs  1.0 


CuO   0.6 

0.6 

1.0 

MnOsO.6 

0.5 

1.0 

CrjOj  0.5 

1.0 

0.6 

Cos04  0.6 

1.0 

0.6 

FesOs  0.5 

1.0 

0.6 

U«04  0.6 

1.0 

0.5 

2  CaSn  CrOs  0.5 

1.0 

0.6 

The  Corfeld  flux  has  the  following  chemical  composi- 
tion: 

K2O  0.72    1 

PbO  0.07     [    8i02,  8.88 
CaO  0.20     J 

made  as  follows : 


FUnt,  600 

Pearl  Ash,  100 
White  Lead,  60 
Whiting,  60 

Nitre,  60 

calcined  in  glost  oven,  covered,  but  to  allow  air. 

Both  the  Corfeld  flux,  and  the  spinel,  were  very  finely 
ground  on  glass  slabs  before  being  applied. 
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The  nine  Cone  6  glazes  were  all  mixed  raw  from  the 

following  formulae: 

K«0   0.3  ) 

No.  1—    CaO    0.6    [  AhOs  0.22,    SiOs  2.00 
ZnO    0.1    ) 

PbO    0.3 
No.  2—    CaO    0.6  }.    AlaOa  0.22,    SiOs  2.00 
ZnO 


0.3  ) 

0.6  J. 

0.1  ) 

0.8  1 

0.6  [ 

0.1  j 


NaiO  0.8 
No.  8—    CaO    0.6    j^  AI8O4  0.22,    SiOj  2.00 
ZnO   0.1   j 

BaO  0.3   ) 
No.  i—    CaO    0.6   }  AhOs  0.22,    SiOj  2.00 
ZnO   0.1    ) 

No.  5—    CaO    0.*6   I  AI2O8  0.22,    j  §ipA   h^ 
BnO    0.1  j  JSbjOsl.OO 

Na8O0.8   )  fain     1  jn 

No.  6—    CaO  0.6   }   AI2O8O.22,    { S^>?   ]:^ 

ZnO  0.1    )  ^^*"«   "-^ 

MgO  0.3 ' ) 
No.  7—    CaO  0.6    [  AI2O8O.22,    Si02  2.00 
ZnO  0.1  j 

K2O    0.191 

No    9-    ^^^   ^'^^  I  AUG,  0  26    /  ^^^^    2.68 
^^-  ^        ZnO  0.13  f  Al2U8  0.Je,   ^^^^    Q3Q 

PbO  0.20  J 

The  nine  Cone  8  glazes  were  mixed  raw  according  to|the 

following  formulae: 

K2O  0.3  } 
No.  1—    CaO   0.6   }  AI2O8O.26,    8102  2.90 
ZnO  0.1 


\  - 


PbO  0.3  1 

No.  2—    CaO  0.6    [  AI2O8O.26,    8102  2.90 

ZnO  0.1    J 

Na2O0.8  ) 

No.  8—    CaO  0.6    [  Al2O8  0,26,    SIO22.9O 

ZnO  0.1  j 

BaO  0.3  1 

No.  4—    CaO  0.6    [  AI2O8O.26,    8102  2.90 

ZnO  0.1   j 

No.  5-    CaO  oio   (   Al2O8  0,26,    -[rJSLa?!! 

8nO  0.1    )  lbb2U8  0.lU 

No.  6-    CaO  O.'b  1  AI2O8  0.26,     \  ^  ^^ 

ZnO  0.1  j     •  ^U2U80.60 

MgO  0.8 

No.  7—    CaO  0.6  V    AI2O8O.26,    8102  2.90 

ZnO  0.1 
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^^-  ®"    CaO   oi?  }  ^^  ^-^^    {bjOj  1.00 


KsO   0.191 
No.  »— 


CaO  0.48  I  Ai  n.  n  o«  /  SiOi  2.88 
ZnO  0.18  (  ^^^^"-^t  iBfOsO-SO 
PbO    0.20j 


It  will  be  noted  that  numbers  8  and  9  are  the  same  in  both 
series,  number  8  being  the  glaze  made  from  Cone  4  formula 
with  one  equivalent  of  boracic  acid  added,  as  produced  by  Dr. 
Hecht,  of  Berlin;  and  number  9  of  both  series  being  the  glaze 
commonly  known  as  the  Trenton  glaze.  Both  series  were 
fired  at  Cone  6  and  Cone  8,  including  the  last  two  glazes 
without  change,  as  above  stated. 

It  will  be  noticed  from  the  trials'  that  the  No.  1  glazes, 
both  Cone  6  and  Cone  8,  finished  slightly  dull,  and  that 
the  colors  are  brighter  with  the  Corfeld  flux,  than  with 
the  spinel. 

The  number  2  glazes,  both  Cone  6  and  Cone  8,  were 
fairly  bright;  colors  brightest  with  the  flux. 

The  number  3  glazes,  both  Cone  6  and  Cone  8,  were 
fairly  bright;  colors  brightest  with  the  flux 

Number  4  glazes,  both  Cone  6  and  Cone  8,  were  slightly 
dull;  colors  brightest  with  the  flux. 

Number  5  glazes,  both  Cone  6  and  Cone  8,  were  dull  and 
wrinkled ;  none  of  the  colors  were  well  developed. 

Number  6  glazes,  both  Cone  6  and  Cone  8,  were  dull 
or  mat,  and  crazed  on  the  vitreous  tile;  the  colors  were  not 
well  developed,  especially  the  pink. 

Number  7  glazes,  both  Cone  6  and  Cone  8,  were  dull 
and  wrinkled  with  the  spinel,  and  a  mat  finish  with  the  flux, 
pink  particularly  bad. 

Number  8  glazes,  both  Cone  6  and  Cone  8,  were  bright; 
colors  all  bright  with  the  flux,  except  uranium;  colors  all 
bad  with  the  spinel,  except  uranium. 

Number  9  glazes,  both  Cone  6  and  Cone  8,  were  bright; 
colors  all  bright  with  the  flux,  except  pink;  all  bad 
with  spinel. 

1  The  1U6  trtalB  mentioned  were  monnted  In  rowi  and  exposed  daring  the 
■eu Ion  for  the  Inspection  of  the  society. 
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It  will  be  noticed  that  very  little  di£ference,  if  any,  exists 
in  any  of  these  trials  between  placing  the  color  under  the 
glaze,  and  placing  it  on  the  glaze,  when  fired  in  glost  kilns. 

It  will  be  seen  by  the  trials,  that  the  differences  in  colors 
are  more  marked  between  the  Corfeld  flux  and  the  spinel, 
than  the  differences  produced  by  the  different  glazes,  which 
would  seem  to  justify  the  conclusion  that  the  proper  way  to 
control  the  color  and  hue,  would  be  by  adopting  the  correct 
flux  or  hardening  substance,  and  to  regulate  the  tints  and 
shades  by  the  proportions  of  oxides  and  the  mixture  adopted. 

By  comparing  the  result  of  this  series  of  trials,  with  the 
series  of  copper-green,  stained-glaze  trials,  presented  by 
Mr.  Walker  at  our  Cleveland  meeting  last  year,  it  seems  that 
the  oxides,  when  reduced  by  fluxes  or  hardening  substances, 
and  used  as  underglaze  colors,  will  produce  a  greater  uni- 
formity of  color,  than  they  do  when  they  are  actually 
calcined  into  fritt,  which  forms  a  part  of  stained  or 
colored  glazes. 

Judging  from  the  two  series,  it  would  seem  necessary  in 
underglaze  work,  to  get,  and  permanently  fix,  the  variety  of 
colors,  in  the  varying  tints  and  shades  of  each,  by  calcining 
the  oxides  with  the  proper  substances  to  produce  the  desired 
hue  and  tone.  This  would  make  a  very  interesting  series 
of  trials,  and  we  are  in  need  of  data  along  this  line. 

It  was  with  the  hope  of  partially  filling  this  gap,  that 
the  trials  here  presented  were  made,  and  this  paper  under- 
taken, and  I  must  confess,  that  the  results  are  far  from  being 
what  I  had  originally  hoped,  and  expected  them  to  be. 
While  plenty  of  underglaze  colors  are  to  be  had,  and  numer- 
ous recipes  for  making  same,  yet  all  who  are  interested  must 
certainly  feel  the  want  of  any  systematic  record,  along  the 
lines  above  suggested. 

If  the  effort  made  should  be  the  means  of  stimulating 
further  trials  and  research  along  this  line,  which  should  ulti- 
mately give  us  a  means  of  permanently  fixing  any  desired 
color  in  its  varying  tints  and  tones  under  good  workable 
glazes,  I  will  feel  repaid  for  the  effort. 
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DISCUSSION. 

Mr.  F,  IV.  Walker:  The  amount  of  work  which  the 
members  of  this  society  are  willing  to  take  npon  themselves 
in  preparing  papers  for  these  meetings  is  astonishing.  This 
paper  of  Mr.  Stover's  is  an  illustration  of  the  point.  Mr. 
Stover  has  made  over  eleven  hundred  trials,  of  which  he  pre- 
sents about  half  of  them  here;  so  you  can  see  what  amount 
of  work  he  has  done.  This  is  also  another  illustration  of  the 
great  difficulty  of  discussing  papers  without  opportunity  for 
studying  them  in  advance. 

Dr,  Edward  Hart:  I  think  what  Mr.  Stover  needs  more 
than  anthing  else,  is  some  help.  I  would  suggest  in  that 
line,  as  he  has  had  difficulty  in  burning  spinels,  that  he  seek 
help  from  the  electrical  art.  I  undertook  some  work  in  the 
ceramic  line  myself,  in  the  making  of  silica  tubes.  This 
was  described  to  us  at  the  Niagara  meeting  of  the  Electrical- 
Chemical  Society  last  September.  Since  that  time,  Mr. 
H.  H.  Potter,  of  the  Sawyer-Mann  Electric  Company,  of  New 
York,  has  been  working  along  the  same  line,  and  not  more 
than  a  month  or  two  ago,  I  was  in  his  laboratory,  and  found 
he  had  silica  tubes  there.  A  peculiar  and  interesting  prop- 
erty of  silica  is  the  co*efficient  of  expansion,  which  is  almost 
nil.  You  can  heat  them  up,  and  plunge  into  water,  and  they 
will  not  crack.  It  struck  me  that  I  might  make  silica  ves- 
sels, for  boiling  down  chemicals.  You  can  do  almost  any- 
thing in  chemistry,  if  you  only  have  something  to  do  it  with. 
The  trouble  is  that  some  of  these  chemicals  attack  every- 
thing you  put  them  in.  I  have  already  succeeded,  I  may 
say,  in  making  a  vessel  about  four  inches  in  diameter  of  silica 
fused  by  the  electric  arc,  and  I  would  say  to  Mr.  Stover  that 
he  can  fuse  his  spinels  by  electric  arc .  The  principal  diffi- 
culty which  I  find  is  to  keep  the  carbon  out  of  the  mixture. 
I  presume  there  would  be  difficulty  in  getting  these  sesqui 
oxides  fused  without  turning  them  into  proto-oxides. 

Mr.  Karl  Langenbeck:  I  would  like  to  ask  Mr.  Stover 
whether  any  colors  were  applied  faintly,  so  as  to  have  an  op- 
portunity of  judging  of  the  relative  solubility  in  the  glaze  of 
both  spinel  colors,  and  those  made  with  Corfeld  flux. 
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Mr.  Stover:  All  were  put  on  with  a  thin  coat,  then  a 
thicker  coat,  then  a  couple  of  lines,  to  see  what  effect  the 
thickness  would  have.  In  this  one  (indicating),  fired  at  Cone 
eight,  it  stood  very  well  in  all  thicknesses.  In  the  majority 
of  cases  the  colors  fluxed  with  the  Corfeld  flux  were  best.  I 
really  consider  the  whole  spinel  series  a  failure,  for  the  reason 
that  they  were  not  brought  to  a  perfect  degree  of  fusion. 

Mr.  Langenbeck:  It  has  been  a  long  time  since  I  read 
the  note  of  Seger  in  which  he  speaks  of  the  making  of  un- 
derglaze  colors  on  the  spinel  basis.  My  recollection  is  that 
his  point  was,  that  a  color  which  approximates  the  character 
of  a  spinel,  resists  better  the  solvent  action  of  the  glaze.  I 
do  i^ot  think  that  preparing  the  color  alone  as  a  spinel  is  suf- 
ficient to  make  a  complete  underglaze  of  it.  My  impression 
is  that  the  spinel  should  be  formed  as  the  chromo-geuic 
body,  which  should  be  suitably  fluxed.  I  think  the  trend  of 
future  work  on  this  subject  should  be,  not  a  comparison  of 
the  spinel  body  directly  with  an  oxide  flux»  but  a  comparison 
of  a  spinel  chromo-genic  body  suitably  fluxed,  with  an  agent 
to  make  it  adhere  to  the  glaze  and  develop  its  color,  in  com- 
parison with  a  straight  oxide  flux. 
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THE  NEW  DEPARTHJENT  OF  CLAY-WORKING  AND 
CERAMICS  AT  RUTGERS  COLLEGE. 

By  Cullen  W.  Pabmblbe,  B.  Sc.,  New  Bbunbwick,  N.  J. 

The  establishment  of  this  department  is  not  Rutgers'  in- 
troduction to  usefulness  in  the  field  of  ceramic  industry. 
We  interested  in  the  old  institution  have  a  great  d^  of 
pride  in  the  many  notable  services  rendered  the  state  by  the 
late  Dr.  George  H.  COok^  a  vice-president  of  the  college. 
Conspicuous  among  his  good  works  is  the  report  on  the  New 
Jersey  clays  which  he  investigated  as  State  Geologist,  as- 
sisted by  Dr.  J.  C.  Smock,  also  of  Rutgers.  The  report  of 
1878,  needs  no  eulogy  for  the  admirable  manner  in  which  .<^ 

the  subject  was  treated. 

Then  should  have  followed  the  organization  of  a  school 
of  ceramics.  It  was  not  until  the  year  1901,  however,  that 
an  effort  was  made  to  secure  legislation  toward  this  end.  It 
was  defeated,  but  the  gentlemen  interested  believed  thor- 
oughly in  the  project,  and  were  not  to  be  discouraged.  By 
diligence  and  generalship  the  recalcitrant  legislators  were 
brought  into  line  and  in  1902  passed  the  bill  with  but  one 
dissenting  vote.  By  the  act  f  12, 000  was  appropriated  for 
equipment  and  f  2,500  for  maintenance  during  the  year  1903. 
Money  for  succeeding  years  must  be  annually  voted . 

In  accordance  with  the  terms  of  the  law,  the  i^hool  per- 
forms the  two-fold  function  of  providing  for  instruction  and 
for  investigations,  the  director  being  charged  with   the  duty     ^ 
of  publishing  in  a  convenient  and  accessible  form  the  results 
of  his  researches. 

The  fiscal  year  of  the  state  terminates  on  October  31st, 
and  the  balance  of  any  appropriation  unexpended  at  that 
time  reverts  to  the  state.  You  can  readily  understand  that 
the  four  months  in  which  I  had  to  undertake  and  to  com- 
plete the  equipment  and  the  organization  were  busy  months,  j 
but  very  happily,  I  had  the  experience  of  Professor  Orton  mt 
and  Professor  Binns  to  draw  upon.  Permit  me,  to  express 
my  appreciation  of  their  interest  and  helpfulness. 

ISS 
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Oar  first  need  was  proper  accommodations.  There  was 
no  suitable  place  in  any  of  the  college  buildings,  and  with 
one  small  appropriation  we  could  not  a£ford  to  erect  a  fine 
large  new  structure.  There  was  one  college  property  how- 
ever, a  two-story  brick  building,  unused,  but  which  formerly 
served  in  the  humble  capacity  of  a  barn.  This  had  six  small 
rooms,  in  all  a  floor  space  of  about  1600  square  feet  We 
accepted  this  as  neuclus  and  added  thereto  an  equivalent 
number  of  square  feet  in  the  form  of  a  one-story  brick 
addition. 

This  new  portion  serves  for  our  machinery  room.  It 
has  a  good  cement  floor,  pitching  slightly  toward  the  center, 
where  there  is  a  grating  and  pit  with  sewer  connections. 
On  one  side  of  this  room  stretches  a  work  bench  forty  feet 
long.  Numerous  windows  furnish  good  light;  ample  gas  and 
,  water  supply  is  provided,  also  toilet  facilities.  Connected 
with  this  room  is  the  store  room  which  conveniently  opens 
on  a  court  with  alley  connection  to  the  street.  Another  ad- 
joining room  contains  one  wet  closet  which  serves  in  lieu  of 
a  cellar.  This  is  an  inclosure  6x9  with  cement  floor,  soft 
brick  walls  and  terra  cotta  lumber  ceiling  and  an  iron  door. 
The  interior  can  readily  be  made  wet  by  a  hose,  and  when 
closed  will  retain  its  dampness  for  a  long  period.  The  in- 
terior is  lined  with  racks  for  shelving. 

Next  is  the  kiln  room.  This  is  at  the  end  of  the  old 
building  and  separated  by  a  brick  partition  wall.  It  is  only 
20x27,  and  of  course  our  fuel  bins  had  to  go  outside,  ports 
being  cut  through  the  wall  to  give  access  to  the  fuel*  One 
kiln  has  been  built  and  there  is  room  for  another  small  one. 
In  its  place  temporarily  rests  a  wooden  closet  6x9,  provided 
with  shelves  and  designed  for  the  storing  of  ware  for  drying 
preparatory  to  firing. 

In  the  second  floor  of  the  old  portion,  two  rooms  are 
used,  one  for  a  library,  museum  and  class  room.  Its  walls  are 
lined  with  cases  having  sliding  glazed  doors.  This  affords 
space  for  the  display  of  our  ceramic  collection,  that  is,  for 
the  smaller  pieces.  In  the  workshop,  a  shelf  has  been  built 
on  three  sides  of  the  room  at  about  eight  feet  above  the  floor, 
this  is  intended  for  the  large  coarser  wares.    In  the  small  room 
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-we  have  provided  shelving  for  our  literature  on  ceramic 
topics,  a  considerable  collection  being  already  gathered. 

The  director's  office  and  his  laboratory  is  also  on  the 
second  floor.  As  the  ceilings  were  low  and  under  a  flat  tin 
roof,  it  was  decided  to  light  and  ventilate  this  room  by 
means  of  an  eight  foot  square  iron  and  glass  skylight  with 
two  movable  transoms  on  each  side.    The  floor  is  one  inch  j 

asphaltum  laid  on  the  old  flooring.  This  has  the  advantage 
of  being  waterproof  and  practically  fireproof.  There  is  the 
usual  equipment  of  working  table,  sink,  hood  and  wall  case 
for  supplies. 

Metal  ceilings  have  been  used  where  ceilings  had  to  be 
provided.  They  are  clean,  attractive  in  appearance,  and 
may  readily  be  kept  so.  Cement  has  been  used  for  floor- 
ing on  the  ground  floors  excepting  in  the  kiln  rooms, 
which  is  clay. 

The  gas  supply  is  brought  into  the  building  by  an  1} 
inch  pipe,  and  none  of  the  piping  is  less  than  ^  inch*.  This 
is  of  course  a  generous  provision  for  such  a  small  building, 
but  it  insures  an  adequate  supply. 

In  securing ,  the  equipment  I  found  the  manufacturers 
of  machinery  very  kindly  disposed  toward  the  project.  In 
every  case  the  machinery  was  purchased  at  special  prices, 
and  in  many  instances  at  figures  which  made  them  pract- 
ically gifts. 

Power  for  running  our  machinery  is  furnished  by  a 
30-horse  power,  4-pole  250  volt  motor  furnished  by  the  Gen- 
eral Electric  Company.  This  power  is  transmitted  by  two 
lines  of  shafting,  each  33  feet  long^  with  self-oiling  adjustable 
hangerSj  and  carrying,  with  two  exceptions  split  steel  pulleys. 

The  machinery  consists  of  brick  machine  outfit,  potter's 
and  tile  maker's  appliances.  Its  arrangement  can  be  seen 
on  the  plan.  The  brick-making  machinery  consists  of  three 
pieces,  all  furnished  by  the  American  Clay-Working 
Machinery  Company.  They  are  an  auger  brick  machine  of 
a  capacity  of  20,000  brick  per  day,  a  five-foot  horizontal  pug 
mill  and  a  side-board  delivery  cutting  table.  All  these  are 
large  pieces,  requiring  much  power,  a  considerable  quantity 
of  raw  material  and  are  really  too  big  for  an  experimental 
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plant,  but  are  the  smallest  practicable  machine  obtainable. 

The  potter's  outfit  was  furnished  by  the  Crossly  Manu- 
facturing Company,  of  Trenton,  N.  J.    It  consists  of: 

A  four-foot  grogmill  with  blank  plates  which  may  be 
used  when  run  as  a  wet-pan.  The  muUers  have  a  five 
inch  face. 

A  variable  speed  jigger  and  pull  down  and  throwing 
wheel  combined.  On  this,  pieces  as  large  as  a  ten  inch  jar- 
diniere may  be  made. 

A  four-jar  glaze  mill,  the  jars  having  a  capacity  of  about 
two  gallons  each.  They  are  made  of  a  porcelain  body  and 
furnished  with  flint  pebbles. 

A  twelve-inch  potter's  pug  mill. 

A  clay  preparing  machine  which  is  an  attractive  and 
compact  arrangement  of  blunger,  agitator,  lawn  screen^ 
slip  pump  and  filter  press.  It  has  a  capacity  of  from  600  to 
1,000  pounds  a  day.  There  are  20  plates  in  the  filter  press, 
each  9  inches  square,  and  the  press  can  be  filled  in  about 
thirty-five  minutes. 

There  are  also  a  small  tile  press,  a  hand  jigger,  a  mould 
maker's  jigger,  a  wad  mill  and  a  stilt  press.  For  grinding 
large  quantities  of  material  we  have  a  large  ball  mill  with  a 
one  piece  lining  2  inches  thick.  It  has  internal  dimensions 
3  feet  by  2  feet. 

For  use  with  a  Deville  furnace,  we  have  a  Crowell  rotary 
pressure  blower  which  is  capable  of  furnishing  pressure  of 
ten  pounds  to  the  square  inch. 

We  have  provided  only  one  kiln,  as  our  present  needs- 
and  resources  limit  our  expenditures.  It  is  designed  how- 
ever, to  do  the  work  of  both  the  up-draught  and  down- 
draught,  which  is  provided  for  in  this  wise:  The  kiln  space 
is  three  feet  square  by  four  feet  high;  the  floor  is  made  by 
the  tops  of  four  arches  which  spring  from  the  sides  at  the 
level  of  the  grate  bars.  When  used  as  an  up-draught,  the 
flames  and  the  gases  arising  from  the  fire-box,  pass  upward- 
through  the  spaces  between  the  arches,  up  through  the  kiln 
space  and  into  the  stack,  through  openings  in  the  crown*. 
For  down-draught  purposes,  these  openings  in  the  crown  are 
closed.     Quarries  of  the  same  length  but  lacking  four  inches 


^ 


pr 


>^ 


128  CERAMIC  DEFABTMENT  AT  BUTOEBS  COLLBQE. 

of  the  width,  are  laid  on  the  floor  of  the  kiln  space.  Quar- 
ries are  placed  vertically  near  the  side  wall  and  two  inches 
therefrom,  leaning  against  projecting  bricks.  To  prevent 
the  falling  backward  of  these,  provision  has  been  made  for 
the  insertion  of  bricks  to  support  these  vertical  quarries  par- 
allel to  the  side  walls.  Having  done  this,  we  have  provided 
flues  against  the  side  walls.  The  flames  and  hot  gases  rising 
through  these  are  deflected  by  the  crown  and  drawn  into  a 
flue  opening  in  the  end  wall  of  the  kiln  near  the  floor.  This 
flue  empties  into  the  stack  above  the  crown. 

The  fire  mouth  is  designed  for  soft  coal.  The  grate- 
bars  have  an  area  of  880  square  inches.  They  are  three  feet 
eight  inches  long,  and  have  a  drop  of  about  five  inches. 

The  damper  is  a  fire-clay  disc  hooped  and  hinged  to  a 
ring  about  the  crown.  It  is  controlled  by  means  of  a  chain 
which  runs  through  a  pulley  in  the  side  of  the  stack  and  this 
opens  and  closes  the  one  foot  circular  opening  in  the  crown. 

The  kiln  is  eight  feet  one  inch  long,  five  feet  eleven 
inches  wide.  From  floor  to  top  of  hob  is  three  feet  nine 
inches;  from  top  of  hob  to  shoulder  is  five  feet;  from  shoulder 
to  top  of  stack  is  eighteen  feet. 

Unfortunately  I  cannot  give  any  results  of  firing  owing 
to  the  fact  that  we  have  not  had  opportunity  to  give  it  a 
thorough  test. 

We  have  also  a  Deville  furnace,  a  gas  furnace  for  frit- 
ting, and  a  Seger  test  kiln  improved  by  Heincke.  We  are 
provided  with  an  electric  pyrometer  and  Seger  cones. 

Two  courses  of  study  have  been  arranged.  One  cover- 
ing a  period  of  four  years,  the  other,  a  short  course.  In  the 
former  the  student  will  have  a  liberal  training  in  the  related 
sciences  with  especial  emphasis  placed  upon  general  and 
analytical  chemistry.  During  the  latter  two  years  he 
specializes  on  ceramics.  General  and  economic  geology, 
raw  materials,  bodies,  glazes,  drying  and  firing  are  topics 
studied  in  the  lecture  room,  and  experimented  upon  in 
the  laboratory. 

The  short  course  is  offered  for  the  practical  man  who  has 
had  experience  in  clay-working  and  who  recognizes  the 
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^  value  of  scientific  training,  but  is  unable  to  undertake  the 

full  course. 

We  have  at  present  seven  students,  and  the  indications 
for  the  future  are  bright. 

DISCUSSION. 

The  Chair:  I  am  sorry  Mr.  Bloomfield  could  not  have 
been  here,  to  have  heard  Professor  Parmelee's  paper.  We 
really  owe  a  great  deal  to  our  friend  Bloomfield,  for  he  cer- 
tainly worked  hard  and  persistently  for  three  years,  to  the 
end  that  New  Jersey  should  have  a  ceramic  school.  His 
work  with  the  legislature  was  invaluable,  and  he  really  is  the 
father  of  the  school. 

Professor  Orion:  This  society  undoubtedly  recollects 
the  part  it  had  in  the  establishment  of  this  plant  for  teach- 
ing ceramics.  We  lent  our  influence,  whether  it  was  great 
or  small,  toward  pushing  the  bill  through  the  New  Jersey 
legislature  last  winter.  For  myself,  I  am  much  gratified  to 
see  the  description  of  other  ceramic  schools  becoming  a  part 
of  our  records  of  progress.  With  a  multiplication  of  facili- 
ties along  this  line  such  as  is  surely  coming,  we  can't  help 
producing  a  class  of  men  which  will  aid  materially  in  the 
work  of  our  society  and  in  the  greater  and  larger  end  to 
which  this  society  stands  pledged,  that  of  building  up  the 
ceramic  industries  of  this  country.  There  is  certainly  no 
state  in  which  a  ceramic  school  could  more  suitably  be 
started  than  New  Jersey,  which  stands  well  toward  the  top 
among  the  clay-working  states  of  the  Union.  I  think  the 
society  should  welcome  this  addition  to  the  list  with  all  hail. 

Mr.  Langenbeck:  I  do  not  know  that  I  can  say  anything 
in  addition  to  what  has  been  said,  but  I  have  been  much  in- 
terested in  the  movement,  and  felt  very  much  gratified  at 
the  energy  with  which  Professor  Parmelee  has  taken  hold  of 
the  work.  Ordinarily,  they  do  not  feel  quite  certain  yet  as 
to  the  benefit  of  the  application  of  science  in  the  pottery  in- 
dustry, but  I  am  happy  to  say  that  I  have  heard  many 
^  cordial  expressions  of  interest  in  this  case  from  potters  of 

Trenton. 


THE  INFLUENCE  OF  MAGNESIA  ON  CLAY. 

By  Adolph  E.  Hottinoeb,  Chicago,  III. 

Under  the  above  title,  Dr.  Mackler  read  a  paper  before 
the  German  Society  for  Clay,  Cement  and  Lime  industries. 
Being  very  much  interested  in  this  paper,  I  made  some  exper- 
iments on  the  subject  and  give  some  results  that  I  obtained, 
and  also. some  of  the  original. 

A  brief  summary  of  the  paper  in  question  shows  that 
the  action  of  magnesia  on  clays  is  a  subject  to  which  little 
attention  has  been  paid;  but,  from  the  results  obtained,  it 
is  shown  that  exceedingly  valuable  properties  are  given  to 
clays  carr3dng  this  element  naturally  or  into  which  it  is  in- 
troduced. 

The  characteristics  of  clays  of  this  nature  are  that  they 
may  be  made  into  ware  of  extreme  length  and  with  very 
thin  walls,  which  may  be  very  nearly  vitrified,  and  still  be 
kept  perfectly  straight  and  true.  Also,  that  where  exact 
shapes  are  required,  especially  in  vitreous  ware,  clays  of 
this  nature  are  valuable. 

The  reason  of  this  is  in  the  melting  and  vitrification 
point  of  clays  of  this  nature.  Lime  and  its  influence  on 
clays  is  well  understood,  and  it  is  well  known  how  near  to- 
gether the  vitrifying  and  melting  points  lie.  Clays  carrying 
magnesia  are  very  different  in  their  behavior;  and  the  melt- 
ing and  vitrifying  points  are  farther  apart,  and  such  clays 
consequently  can  be  made  into  vitreous  ware,  without  great 
care  in  burning. 

Another  interesting  fact  developed  is  that  kaolin  with 
magnesia  gives  dense  bodies  at  comparatively  low  tempera- 
tures, in  distinction  from  lime,  which  has  but  little  action 
at  the  same  temperature. 

Some  trials  made  on  this  line  show  interesting  results. 
Mixtures  were  made  as  follows,  and  the  absorption  taken  of 
trials  burned  at  cones  one  and  five: 

in 
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Koinber 

Mlxtares. 

Absorption. 

of  Test. 

Gone  1. 

Gone  6. 

Al. 

Kaolin  100,  Whltinjr  10 

34.7 
25.2 
26.6 

30.2 

A  2. 
AS. 

Kaolin  100,  Magnesite  10 

Kaolin,  without  additions 

17.1 
24.7 

I  also  quote  mixtures  as  made  by  Dr.  Mackler: 

Namber 

Mixtures. 

Absorption. 

of  Test. 

Cone  1. 

Gone  6. 

J. 

K. 
L, 
M. 


Kaolin   100,  Marble  26 

Kaolin   100,  Marble  12>^ 

Kaolin  100,  Magnesite  21 

Kaolin  100,  Magnesite  10)^ . . . , 
Zettlitz  Kaolin,  with  addition. 


24.8 
24.7 
16.4 
18.8 
26.9 


88.9 
24.1 
18.9 
16.9 
18.8 


Prom  the  last  experiment  it  will  be  seen  that  Dr.  Mack- 
ler used  the  lime  and  magnesia  in  equivalent  parts^  and  by 
observing  the  mixtures  M  and  K,  at  Cone  6,  having  equal 
equivalents  of  lime  and  magnesia,  the  latter  lowered  the 
absorption  of  the  trial  M  8. 2  per  cent,  over  the  trial  K.  It 
is  also  noticed  that  lime  in  J  and  K  lowered  the  absorption 
over  the  original  kaolin  somewhat  at  Cone  1 ,  while  at  Cone 
6  the  absorption  is  6.6  per  cent,  greater  than  that  of  the 
kadlin. 

I  was  not  able  to  get  results  anywhere  near  the  lime 
mixtures,  as  given,  but  approached  closely  to  the  magnesia 
experiments.  This  is  probably  due  to  a  difference  in  mix- 
ing, and  probably  in  material  used.  Dr.  Mackler's  mixings 
were  all  made  in  a  slip  state,  and  were  ground  in  a  mill, 
while  I  made  mine  dry,  first  rubbing  them  together  in  a 
mortar  and  afterward  sifting  twice.  This  would  not  give  as 
intimate  a  mixture  as  the  original ;  but  the  result  shows  the 
advantage  of  the  use  of  magnesia. 

To  get  an  idea  of  what  advantage  magnesia  might  be  in 
a  porcelain  mixture,  I  made  some  trials  with  lime,  magnesia 
and  also  dolomite,  containing  50.28  per  cent,  calcium  car- 
bonate, and  40  per  cent,  magnesium  carbonate,  etc.  The 
idea  was  to  use  dolomite  as  a  source  of  magnesia. 
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For  the  porcelain  body  I  used  the  formula  of  the  Berlin 
porcelain  as  given  by  Seger : 

Clay  Bubstance,       65. 
Feldspar,        -         21.2 
Quartz,     -  -     28.5 

The  mixtures  are  as  follows : 


Namber 

Mixture. 

Absorption. 

of  Test. 

Gone  1. 

Oone& 

B  1 

Porcelain  Bodv  100.  Whitlne  10 

20.2 
22.0 
20.2 
19.1 
18.8 
13.2 
22.5 

24.9 

B2 

"     100,        *•          5, 

11.8 

B8 
B4 
B5 
B6 

'»             "     100,  Dolomite  10, 

'*             •*      100,        "            5 

"            **     100,  Mag^iesite  10, 

"             '»     100,        '*        ■•     5, 

Porcelain  Body,  without  addition 

12.4 

10.8 

9.9 

6.0 

14.4 

B  6,  of  this  series,  at  Cone  5,  proved  to  be  the  best^ 
being  a  very  hard,  close  body,  which  cannot  be  scratched 
with  a  hard  steel  point.  B  3  and  4,  containing  the  dolomite, 
are  an  improvement  over  the  whiting,  but  cannot  equal  the 
magnesia  mixtures. 

An  interesting  fact  developed  by  the  experiment  is 
that,  used  in  Equivalent  amounts,  magnesia  will  not  give  the 
same  result  as  lime. 

As  an  instance  of  this,  the  Cone  4  mixture  was  taken, 
consisting  of  0.3  equivalents  Feldspar,  0.7  calcium-carbon- 
ate, 0.2  kaolin,  1.8  quartz.  In  this  mixture,  the  lime  was 
replaced  by  an  equivalent  of  magnesia,  and  the  mixture  fired 
to  Cone  1.  A  cone  made  from  the  lime  mixture  was  vitri- 
fied, while  the  magnesia  cone  was  still  porous.  Firing  to 
Cone  5,  the  magnesia  cone  is  vitrified,  but  still  remained 
standing,  and  showed  not  the  least  sign  of  melting,  the  cor- 
ners remaining  perfectly  sharp.  Not  having  any  higher 
cones  in  the  kiln  during  this  experiment,  the  fire  was  raised 
until  Cone  4  was  melted  to  a  neariy  clear  glass,  and  when 
this  point  was  reached  the  magnesia  cone  had  gone  down. 

A  series  of  experiments  with  a  shale  of  the  following 
analysis: 
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Silica, 

- 

62.66 

Alumina, 

- 

21.26 

Ferric  Oxide,    - 

- 

8.60 

Calcium  Oxide,    - 

- 

0.02 

Magnesium  Oxide, 

- 

0.64 

Alkalies, 

- 

4.60 

Volatile  and  loss,  on 

ignition, 

6.44 

99.92 


also  showed  some  interesting  results,  in  particular  the  dif- 
ference in  the  melting  points  of  the  shale,  with  the  lime  and 
magnesia  added. 

The  following  mixtures  were  made  as  follows: 


No. 

Mixture. 

Absorption. 

ofTeflt. 

Cone  06. 

ICone  1. 

Cones. 

Cone  6. 

CI 
C2 
C3 
C4 
C5 
C6 

Shale  100,  Whiting  26, 
Shale  100,  Whiting  12), 
Shale  100,  Magnesite  21, 
Shale  100,  Magnesite  10}, 
Shale  100,  Dolomite  22, 
Shale  100,  Dolomite  11, 
Shale,  without  additions. 

21.9, 
20.4, 
32.8, 
28.4, 
22.4, 
17.7, 
12.0, 

Melted, 
Vitrified 
7.8 
0.32 
11.6 
12.1 
0.78 

Melted, 

Melted, 

Vitrified 

Vitrified 

Parti'lly 

melted, 

Blistered 

Blistered 

Melted, 
Melted, 

Shape 
retained, 
SUghtly 
swelled, 

Melted, 

Melted, 

It  is  noted  from  the  above  that  C  4  is  practically  vit- 
rified at  Cone  1 ,  and  does  not  show  signs  of  distress  until 
Cone  5,  when  it  swelled  slightly. 

The  dolomite  mixture  did  not  come  up  to  expectations 
and  showed  less  range  in  their  melting  and  vitrification 
points  than  the  lime  mixtures,  as  at  Cone  1  they  are  still 
very  porous,  while  at  Cone  3  they  had  started  melting, 
and  had  lost  shape. 

DISCUSSION. 

Mr.  Hottinger:  I  did  not  intend  this  as  a  paper,  but 
merely  as  a  note  on  a  line  of  experiments  which  I  thought 
would  be  of  interest. 

Mr.  E.  C.  Stover:  I  think  Mr.  Hettinger's  paper  is  one 
which  needs  no  apology.    I  am  glad  to  see  that  he  has 
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reached  out  a  little  into  the  field  of  our  German  friends, 
and  has  taken  up  a  line  of  work  suggested  thereby,  and 
brought  the  results  here.  We  have  enough  here  to  work  out 
ourselves,  yet  we  cannot  offord  to  ignore  the  work  of  the 
other  world.  If  those  who  read  the  German  technical  papers 
do  not  do  this  work,  the  rest  of  us  will  lose  much  that  we 
ought  to  know.  This  question  of  finding  a  material  to  oper- 
ate as  a  flux  in  a  vitreous  body,  which  will  widen  the  range 
between  the  point  of  actual  vitrification  and  the  point  of  vis-  | 

cosity,  is  a  point  we  are  all  interested  in.  As  shown  by  Mr. 
Hottinger,  with  whiting  as  a  flux,  these  points  lie  close 
together,  and  a  flux  which  will  widen  these  points  will  be 
important  to  anyone  working  in  vitrified  bodies. 

Mr.  Hottingir:  That  is  illustrated  by  taking  this  shale 
and  adding  the  magnesite  to  it  At  Cone  1,  the  cone  with 
the  whiting  melted.  Taking  the  same  mixture  with  magne^ 
site,  it  showed  no  signs  of  melting  until  Cone  5  was  reached, 
and  under  the  experiments  shown  in  the  Germon  paper,  not 
even  at  Cone  7  did  it  show  signs  of  melting,  though  it  swelled 
slightly,  and  it  took  a  good  deal  beyond  that  to  bring  it  to  a 
glass.  Another  point  shown  by  the  German  paper  is  that  in 
porcelain  or  vitreous  wares,  where  exact  shapes  are  wanted — 
for  instance,  electric  porcelain — magnesite  plays  an  im- 
portant part.  You  will  note  that  in  the  porcelain  mixture 
it  did  not  show  swelling.  In  the  shale  mixture,  firtd  above 
the  vitrification  point  of  the  shale,  there  was  slight  swelling. 

The  Chair:  In  the  porcelain  mixture,  does  it  show 
swelling  at  a  certain  point? 

Mr.  HotUnger:  I  did  not  try  it  for  that.  I  tried  to  show 
what  effect  magnesite  has  upon  the  mixture  at  Cone  5. 

The  Chair:  That  touches  right  on  the  point  I  am  going 
to  bring  up  later  as  regards  this  swelling  for  electric  insula- 
tors, (exhibiting  samples).  Many  of  the  electrical  porcelain 
pieces  as  now  made  are  quite  intricate,  it  being  necessary 
for  them  to  fit  expensive  metal  parts,  and  they  must  neces-  \ 

sarily  be  exact.  I  have  brought  with  me  two  samples  which 
show  that  point  of  swelling.  Such  pieces  which  are  slightly 
blistered  and  swelled  must  be  rejected,  because  they  will  not 
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fit  the  metal  portion  of  the  apparatus  which  they  are  made 
to  complete. 

Professor  Edward  Orton^  Jr. :  As  I  understand  it,  in  the 
paper  presented  by  Mr.  Hottinger,  one  of  the  chief  points  of 
value  is  the  demonstration  of  the  fact  that  magnesite  as  a 
flux  will  enable  us  to  get  vitrification  at  actually  lower  tem- 
peratures. So  it  not  only  widens  the  range  of  vitrification, 
but  enables  us  to  use  lower  temperatures  than  otherwise. 


FURTHER  STUDIES  ON  WHITE  BRISTOL  GLAZES. 


By  Robs  C.  Pukdy,  Columbus,  O. 
In  as  much  as  formula  I : 

as  developed  in  my  article  on  *'  Stoneware  Glazes"  before 
this  society  last  year,  was  a  surprise  to  those  familiar  with 
the  formulae  of  Bristol  Glazes  most  generally  used  in  the 
stoneware  industries  today,  because  of  the  relatively  higher 
equivalent  content  of  potash  and  alumina  and  low  ratio 
existing  between  the  alumina  and  silica,  it  is  the  object  of 
this  paper  to  prove  or  disprove  the  points  in  question. 

Prom  the  following  formulae  which  show  the  composi- 
tion of  the  glazes  actually  in  use  among  representative  stone- 
ware factories,  it  will  be  noted  that  the  majority  of  them  do 
not  agree  with  the  above  formulae  I  in  the  use  of  such  high 
equivalents  of  either  potash  or  alumina. 

TABLE  I. 


K20 

CaO 

ZnO 

AlsOs 

SiOs 

II 

0.287 

0.327  > 

0.433 

0.347 

2.275 

III 

U.225 

0.888 

U.386 

0.856 

3.450 

IV 

0.3-J7 

1).800 

0.373 

0.366 

2.540 

V 

(K208 

0.434 

0.368 

0.332 

2.780 

VI 

0.40H 

0.2(1 

0.395 

0.473 

2.960 

VII 

0.377 

0.180 

0.444 

0.516 

2.840 

VIII 

0.:i78 

0.194 

0  527 

0.403 

1.920 

IX 

U.842 

0306 

0.322 

0.418 

2.220 

X 

0.199 

0.461 

0.340  • 

0.306 

2.630 

It  is  not  a  surprise  then  to  learn  that  the  practical  pot- 
ters who  use  glazes  of  these  compositions  should  look 
askance  at  such  a  radical  change  as  advised  in  formulae  I. 
The  fact  is,  however,  that  the  two  giving  the  best  satisfac- 
tion are  VI  and  VII.  They  are  the  best  in  regards  to 
opacity,  gloss  and  general  working  qualities;  thus  indicating 
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that  better  results  can  be  obtained  by  use  of  a  higher  equiva- 
lent of  potash  and  alumina  than  is  the  general  practice. 

It  must  be  admitted,  however,  that  on  a  commercial 
basis,  glaze  No.  I  did  not  prove  satisfactory.  The  fault,  how- 
ever, did  not  lie  in  the  use  of  a  too  high  content  of  alumina. 
It  had  a  good  gloss  and  was  very  opaque;  so,  from  a  chemi- 
cal standpoint,  it  was  correct.  But  its  physical  properties 
were  such  as  to  make  it  very  unsatisfactory  as  a  glaze.  It 
crawled  very  badly.  In  fact,  it  drew  up  into  large  globules. 
It  was  impossible  to  handle  the  ware  after  it  had  been  dip- 
ped because  large  patches  of  the  glaze  would  scale  off. 

Further  experiments  were  made  with  glaze  I  as  a  basis, 
to  discover  and  remedy  the  trouble. 

It  is  not  necessary  at  this  time  to  give  all  the  experi- 
ments made,  because  the  cause  and  solution  of  the  trouble 
can  be  illustrated  by  giving  only  the  formulae  of  the  best 
glazes  deduced. 

TABLE  II. 


KK) 


CaO 


ZnO 


AlsOs 


SlOs 


XI 

xn 
xni 

XIV 


0.406 

0.194 

0.405 

0.505 

0.450 

0.150 

0.400 

0.600 

0.370 

0.280 

0.400 

0.500 

0.875 

0.225 

0.400 

0.500 

2.845 
8.250 
2.900 
3.125 


These  glazes  were  used  on  a  commercial  scale  under 
similar  conditions  of  firing  and  on  the  same  clay,  giving  sat- 
isfaction in  all  respects. 

Two  facts  are  to  be  observed  by  comparing  glazes  XI, 
XII,  XIII  and  XIV  with  I. 

1st.  That  it  is  possible  to  use  as  high  as  0. 66  equivalents 
of  alumina. 

2nd.  That  it  is  not  feasible  or  possible  in  the  case  in 
question,  for  physical  reasons,  as  well  as  chemical,  to  use  so 
high  an  equivalent  of  feldspar;  which  means,  as  a  sequence 
the  lowering  of  the  equivalent  of  potash. 

The  formulae  of  several  glazes  which  had  crawled  have 
been  given*    Their  equivalents  of  alumina  ranged  from 
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0.66  to  0.76.  The  deduction  was  drawn  that  the  nse  of  such 
high  equivalents  of  alumina  and  consequently  large  equiva- 
lents of  clay  was  the  prime  cause  of  the  crawling.  But  in  the 
light  of  the  present  ezperiencei  I  now  beg  to  modify  that 
statement. 

In  all  these  glazes,  except  two  which  were  thus  cited, 
the  feldspar  content  ranged  from  0. 60  to  0. 56  equivalents,  and 
in  the  two  exceptions  noted,  the  equivalent  of  ZnO  was 
above  0. 4,  which  in  itself  is  a  prolific  source  of  crawling. 

It  is  seen  then,  that  glaze  I  crawled  so  badly  because 
the  per  cent,  of  feldspar  was  too  high,  thus  creating 
physical  difficulties  which  could  not  be  counterbalanced  by 
the  supposed  increase  in  fusibility  obtained  from  the  use  of 
the  larger  amount  of  feldspi^.  The  physical  limitations 
from  the  addition  of  large  quantities  of  feldspar  arising  in  a 
Bristol  Glaze  are  as  positive  as  the  chemical  limitations  and 
of  equal  importance. 

In  the  Ught  of  formulae  XI,  XII,  XIII  and  XIV,  it  is 
seen  that  0.5  equivalent  of  feldspar  is  not  necessary  for  the 
proper  maturity  at  Cone  7  of  a  Bristol  glaze  having  0. 55 
equivalent  alumina,  which  is  in  contradiction  to  statements 
made  by  the  writer  last  year.^  In  fact,  the  use  of  0.40  feld- 
spar make  a  more  fusible  mix  than  does  0. 5  equivalent. 

Clay  workers  generally  consider  that  refractoriness  is 
always  in  proportion  to  the  alumina,  but  this  is  not  true  as 
will  be  shown. 

Seger^  made  into  cones  the  following  mixtures,  by  com- 
pounding 1.0  equivalent  of  feldspar  successively  with  1.0, 
2.0  and  3.0  equivalents  of  carbonate  of  calcium. 

No.  1—  2;|J  ^g  I  0.60  AliOa,  8.0  S10» 

No.  2-  olflS  ^  I  ^-^  -^W)8,  2.0SiOi 
No.  8-  2;^  ^  I  0.26  AlsOs,  1.6  8iO« 

He  was  surprised  to  find,  notwithstanding  the  fact  that 
the  RO's  were  increased  by  decreasing  the  alumina  and 

1  Traniftotlons  of  A.  O.  B.,  Vol.  IV.  Page  00. 

X  Trantlation  of  the  Oollectea  Writings  of  HeimAn  Seger,  Vol.  I,  Tmg^ 
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silica,  that  each  of  the  mixtures  were  more  refractory  than 
the  pure  feldspar. 

Mixtures  of  clay  with  feldspar,  and  flint  with  feldspar 
similarly  increased  its  refractoriness.  But  he  found  that  when 
calcium  carbonate  and  clay  together  were  added,  the  result 
was  quite  different. 

Prom  the  tables  of  Seger's  trials  the  following  facts  can 
be  noted :^ 

1st*  That  each  of  the  several  mixtures  of  feldspar, 
quartz  and  marble  adopted  as  a  basis  of  his  several  series, 
were  made  more  fusible  by  the  addition  of  0.5  equivalent  of 
kaolin. 

2nd.  That  his  notes  on  the  same  experiments  indicate 
that  in  all  mixtures  where  the  quartz  content  is  not  more  than 
six  equivalents,  even  1.0  equivalent  of  kaolin  made  them  but 
a  trifle,  if  any,  less  fusible  than  when  only  0.6  equivalent  of 
kaolin  was  added. 

3rd.     That  in  series  IV  which  has  for  its  base 

the  addition  of  1.0  equivalent  of  kaolin  actually  makes  it 
more  fusible  than  where  0. 6  equivalent  of  kaolin  is  added. 

4th.  That  in  the  most  fusible  mixtures,  the  content  of 
alumina  ranged  from  0.6  to  0.76  and  never  fell  below  0.6. 

5th.  Th/it  ^Mt  appears  distinctly  that  neither  the  glazes 
lowest  in  aluinina  are  really  the  most  fusible  ones,  nor  those 
with  a  higher  content  of  alkali,  but  that  for  low  fusibility 
there  must  evidently  be  a  definite  proportion  between  the  alumina 
and  fluxes.*' 

In  the  discussions  under  this  same  topic  last  year, 
formulae  and  samples  were  exhibited,  illustrating  this  same 
fact  of  the  increased  fusibility  incurred  by  the  addition  of 
0.06  equivalent  of  clay  to  mixtures  which  contained  no  clay 
but  which  had  0. 6  equivalent  alumina. 

Professor  Wheeler^  quotes  Dana's  table  showing  the 
fusibility  of  feldspars. 

1  TrantlAtlon  of  tbe  Oolleoted  Writings  of  Hennan  S«ger,  Vol.  I,  Paget 
SN-SB6  InelQfliye. 

S  MlMOorl  Oeologleal  Survey.   Vol.  XI,  Page  147. 
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TABLE  in 

» 

Name. 

Bilioate 
Degree. 

. 
35 

i 

< 

• 

• 

O 

5 

i 

t 

• 

3 

• 

S 

1 

OrthoolAB6 

Tri- 

Tri- 

{JK:::::} 

Sesqui 

Mono- 

r }  Mono-.. ) 
UBi-...  .\ 

64.7 
68.7 

61.0 

64.0 
48.2 

46.8 

18.4 
19.6 

24.0 

29.0 
36.7 

89.8 

16.9 
8.0 

16.9 
11.8 

14.0 

17.0 
20.1 

5.0 

Alblte .... 

11.8 
9.0 
6.0 

4.0 

Oligoclaae . 

Labradorile 
Anorthite  • 

8.0 

11.0 
20.1 

8.6 

1.0 

8.0 
5.0 

Kaolin    . . . 

18.9 

7.0 

• 

*'Prom  a  study  of  this  table  it  will  be  seen  that  the  least 
silicious  feldspar,  anorthite,  is  the  most  infusible,  while 
labradorite,  one  of  the  most  aluminous,  is  the  most  fusible, 
which  is  the  reverse  of  what  would  be  expected  from 
BischoPs  formula;  the  latter  feldspar,  moreover,  has  17  per 
cent  of  RO,  as  has  also  the  least  fusible  feldspar,  orthoclase^ 
which  shows  that  it  is  not  a  mere  question  as  to  the  amount 
of  RO  or  protoxide  bases  present. " 

The  degree  of  fusibility  or  refractoriness  caused  by  the 
alumina  is  governed  1st,  by  the  greater  or  less  reaction  be- 
tween the  incorporated  ingredients;  2nd,  by  the  readiness  of 
the  alumina  bearing  ingredients  to  fuse;  3rd,  by  the  readiness 
with  which  the  most  fusible  element  will  become  a  liquid  in 
which  the  other  ingredients  are  more  readily  brought  into 
combination  with  each  other;  4th,  by  the  physical  condition 
of  the  ingredients. 

There  are  at  least  two  plausible  reasons  why  an  addition 
of  0.06  and  0  J  equivalent  of  kaolin  to  the  Seger  mixtures 
before  quoted,  and  those  given  in  my  paper  last  year, 
makes  the  resultant  mixture  more  fusible. 

1.  We  know  that  clay  when  burned  just  sufficiently  to 
accomplish  dehydration  becomes  a  Puzzolain  material,  lif., 
when  mixed  with  CaO,  it  will  react  with  the  lime  making  a 
Puzzolain  cement,  as  do  the  Puzzolain  slags  and  stones. 
This  indicates  that  the  anhydrous  silicate  of  alumina  formed, 
is  in  such  a  condition  of  chemical  activity  that  it  is  capable 
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of  uniting  with  other  elements,  especially  calcium  oxide,  at 
a  lower  heat 

2.  Carbonate  of  calcium  mixed  with  clay  begins  to  lose 
its  carbon  di-oxide  below  SOO^C,  as  shown  by  the  following 
data  of  heat  of  hydration: — 

This  experiment  was  made  by  Mr.  A.  V.  Bleininger,  on 
a  mixture  of  carbonate  of  calcium  plus  20  per  cent,  kaolin. 
The  point  when  calcium  oxide  was  found  free  in  the  mixture 
was  noted  by  the  heat  evolved  when  it  took  on  chemical 
water,  forming  calcium  hydrooxide  as  in  ordinary  lime 
slaking,  the  heat  evolved  being  measured  in  the  calorimeter. 


Degrees. 

500« 
700** 
800** 
900° 
1000° 

Calories. 

82.18 
126.48 

128.62 

This  shows  that  combination  between  clay  substance 
and  caustic  lime  takes  place  below  800^,  as  at  800^  we  already 
have  a  considerable  excess  of  calcium  oxide  as  shown  by 
heat  evolved. 

Bleininger  also  proved  that  kaolin  is  perfectly  decom- 
posed by  caustic  lime  at  800^  as  was  shown  by  all  of  its  silica 
being  removed  by  sodium  cabonate  solution. 

Bleininger's  experiments  also  showed  that  calcium  car- 
bonate when  mixed  with  feldspar,  begins  to  lose  its  COa  at 
90(f,  and  with  free  quartz  at  926''.  Thus  it  is  shown  that 
when  calcium  carbonate  is  mixed  with  clay,  the  day  becomes 
ready  for  chemical  activity  at  a  considerably  lower  heat  than 
does  the  feldspar,  due  no  doubt  to  the  SiOa  set  free  in  a  con- 
dition in  which  it  most  readily  offers  itself  for  combination 
with  other  elements. 

Seger  says^  ''Mixing  substances  ever  so  intimately  will  not 
be  sufficient  to  induce  combination.  Chemical  processes 
rather  presuppose  an  unrestricted  motion  of  the  molecules, 
and  never  take  place  between  two  solid  substances;  one  of 
these,  at  least,  must  be  in  a  liquid  or  gaseous  state.  Hence, 
two  solid  substances  will  not  produce  chemical  compounds, 

1  TraniUtlon  of  the  Collected  Writings  of  Hernuin  Seger,  VoL  I,  page  191. 
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unless  a  liquid  is  present  that  will  dissolve  one  or  both  ot 
them,  and  thus  establish  the  proper  contact." 

This  law  of  chemical  reaction  produced  by  the  interme- 
diation of  a  liquid  or  molten  magma  is  not,  in  a  ceramic  mix- 
ture, always  dependent  primarily  upon  the  fusibility  of  any 
one  or  more  ingredients  if  taken  alone.  As  has  been  shown 
in  the  case  of  clay  and  calcium  carbonate,  the  reaction  is 
facilitated  or  hastened  by  the  chemical  activity  of  the 
dehydrated  clay. 

Feldspar  when  fused,  or  in  a  liquid  state,  is  capable  of 
dissolving  silica.  A.  Buenzli,  (1876)'  found  with  the  aid  of 
the  microscope  that  at  high  temperatures,  feldspar  will  dis- 
solve a  quantity  of  silica  and  that  the  amount  of  dissolved 
silica  increased  with  the  rise  in  temperature. 

Then,  if  the  carbonate  of  calcium  has  reacted  on  the 
clay  at  800*,  reducing  it  in  a  condition  of  chemical  activity, 
and  the  feldspar  has  been  reacted  on  at  900°  and  free  quartz 
at  926'',  it  is  plain  to  see  that  there  is  considerable  silica  in 
such  a  condition  as  to  combine  readily,  forming  silicates  of  the 
various  bases  present. 

Fusion  then,  would  be  greatly  accelerated  by  the  action 
of  the  calcium  oxide  on  the  other  ingredients;  the  more  the 
calcium  carbonate  added  (up  to  a  certain  limit)  the  earlier 
the  fusion. 

The  general  law  governing  this  fluxing  action  is  explic- 
itly stoted  by  R.  T.  Stutf. 

''Fusion  or  decomposition  (of  a  fluxing  mineral)may  be 
brought  about  at  lower  temperature  by  the  action  of  other 
substances  upon  it.  This  is  generally  the  case  of  a  flux  acting 
upon  a  flux.  In  this  way,  a  high  fire  flux  may  be  made  to 
exert  its  fluxing  power  at  a  temperature  far  below  that  at 
which  it  would  otherwise  occur." 

It  will  be  shown  in  the  experiments  to  be  given  later, 
that  while,  in  a  Bristol  glaze  mixture  containing  no  clay,  the 
fasibility  of  the  glaze  is  increased  by  increase  of  feldspar, 
greater  fusibility  is  dbtained  by  the  introduction  of  clay  up 
to  a  certain  equivalent;  and  also  that  this  increased  fusibility 

1  Trantlatloa  of  the  OoUeeted  Writings  of  Herman  Seger,  Vol.  I,  page  007. 
8  Trant- American  0«r»mle  Society,  Volume  IV,  page  966. 
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due  to  the  addition  of  day,  is  in  proportion  to  the  amount  of 
calcium  oxide  present,  thus  showing  that  the  reaction  be- 
tween the  calcium  carbonate  and  clay  (two  most  refractory 
ingredients)  does  greatly  facilitate  and  hasten  the  fusion, 
more  so  than  would  further  addition  of  feldspar;  also  that 
by  virtue  of  this  reaction  between  the  calcium  carbonate  and 
clay,  glazes  having  0.45  or  0.56  £qv.  of  Al^Os  are  the  most 
fusible  ones,  providing  the  feldspar  does  not  exceed  0. 4  Bqv. 
This  brings  glazes  carrying .  66  Kqv.  Al^Os  within  the  required 
range  of  fusibility  of  the  average  stoneware  potter. 

The  extent  to  which  the  fusibility  of  the  aluminous 
ingredient  controls  the  fusibility  of  the  whole  mixture,  is 
illustrated  very  clearly  in  cement  manufacture.  In  all 
cement  mixtures  the  chemical  composition  varies  within  very 
narrow  limits.  This  narrow  limit  of  variation  in  composi- 
tion, according  to  all  refractory  quotients,  and  to  popular 
opinion  as  well,  should  bring  the  finishing  temperature  of 
the  clinker  formation  within  very  narrow  limits  of  variation. 
Such,  however,  is  not  the  case.  It  varies  with  the  fusibility 
of  the  clay  employed,  the  amount  of  clay  substance  proper, 
the  fineness  of  sub-division  of  quartz,  the  presence  or 
absence  of  feldspathic  minerals,  and  the  character  of  the  car- 
bonate calcium,  whether  crystaline  or  amorphous. 

The  fusion  of  a  glaze  mixture  is  not  a  function  of  tem- 
perature alone,  but  also  of  the  manner  of  firing,  the  time 
given,  and  the  form  of  the  furnace,  etc.,  as  shown  by  Hecht\ 
Bristol  glaze.  No.  XI,  when  burned  on  a  green  stoneware 
clay  body  in  a  majolica  biscuit  kiln,  with  gas,  where  the 
temperature  was  raised  as  rapidly  as  possible  in  48  hours, 
fused  to  a  beautiful  white  Bristol  glaze  at  Cone  4.  One  of 
the  managers  of  the  company  informed  the  writer  later  that 
in  the  glost  fire  at  Cone  2,  burned  in  20  hours,  this  same  glaze 
was  a  beautiful  white  glaze,  perfectly  matured.  But  when  it 
was  tried  in  a  stoneware  kiln,  where  the  temperature  was 
raised  slowly  with  coal,  it  required  Cone  7  to  make  it  a 
good  bright  glaze. 

The  fuel  used,  whether  gas  or  coal,  makes  a  very  appre- 
ciable difference  in  the  results  indirectly;  but  time  taken  to 

1  Thonlndnttile  Zeltiing,  1806,  page  806. 
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mature  the  body  and  glaze,  certainly  has  a  direct  and  positive 
influence.  Especially  is  this  so  in  a  Bristol  glaze  when  zinc 
oxide  is  used  in  quantities  ranging  from  9. 25  per  cent,  to  15 
per  cent,  of  the  total  batch  weight. 

In  a  fused  Bristol  glaze  properly  burned,  the  zinc  is  un- 
doubtedly in  three  states  (a)  combined,  (b)  dissolved,  (c)  sus- 
pended in  the  glaze  matrix  The  effect  on  the  fusibilty  of 
the  glaze  with  the  zinc  in  these  various  conditions,  is  obvi- 
ous. In  the  first  condition,  its  fluxing  effect  must  be  direct; 
in  the  second,  slight,  if  any;  and  in  the  third,  it  cannot 
have  any  effect  whatever. 

Prom  practical  experience,  the  writer  has  learned  that 
the  longer  the  period  of  firing  after  fusion  begins,  the  less 
opaque  the  Bristol  glaze  will  be,  showing  that  in  the  longer 
burn,  more  of  the  zinc  is  taken  into  the  solution  and 
combination. 

Whether  a  Bristol  glaze  attacks  the  body  sufficiently 
to  cause  a  difference  in  the  fusibility  of  the  glaze  on  differ- 
ent bodies  and  in  different  lengths  of  time,  I  do  not  know. 

S.  Geijsbeek^  cites  a  case  where  a  glaze,  the  composition 
of  which  he  did  not  know,  but  judged  to  be  a  zinc  boro-lime 
glaze,  did  attack  the  white  engobe  to  such  an  extent  as  to 
make  the  body  of  the  ware  plainly  visible.  But  he  says  later, 
^^Glazes  generally  used  in  stoneware  potteries,  high  in 
alumina  and  silicic  acid  are  usually  well  adapted  for 
engobe  purposes. 

Langenbeck*  has  given  the  analysis  of  a  glaze  which 
had  been  used  over  an  engobe;  its  chemical  formula  being 

OM  CaO  I  ^-^  ^^*^»'  ^•'^^  ®*^ 

He  says,  **In  the  severe  fire  (Cone  9  or  10)  to  which  the 
ware  has  been  subjected,  the  glaze  has  of  course  taken  up 
alumina  and  silica  from  the  engobe,  so  that  its  original  com- 
position would  not  accord,  in  the  proportion  of  these  elements, 
with  the  formula  derived  from  the  analysis  of  the  fired 
products. " 

1  Tranisotlons  of  A.  0. 8.,  Volame  IV,  i»ftge  St. 
S  Chemistry  of  Poltery,  page  146. 
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In  this  case,  however,  the  RO  elements  and  proportions 
are  very  different  from  those  in  the  average  white  Bristol 
glaze.  Therefore,  it  seems  plausible  that  the  attack  of 
the  glaze  on  the  body,  is  not  always  governed  by  high 
proportions  of  alumina  and  silica  in  the  glaze,  as  stated  by 
Geijsbeek,  but  also  upon  the  character  of  the  RO  fluxes 
involved. 

It  will  be  noted  in  the  experiments  to  be  cited  later,  that 
those  cone  mixtures  in  which  the  calcium  carbonate  is  high- 
est require  a  shorter  period  of  time  between  starting  to  bend 
and  going  completely  down,  showing  that  when  the  fusion  of 
the  mass  as  a  whole  once  begins,  its  action  is  rapid  and  violent. 
This  same  phenomenon  is  to  be  seen  in  brick  clays  high  in 
lime.  In  the  above  glazes  just  given  by  Langenbeck,  the  cal- 
cium oxide  is  relatively  very  high,  which  unquestionably 
causes  a  rapid  fusion  similar  to  that  noted  in  the  instances 
just  cited,  thus  creating  a  very  solvent  fluid,  which  if  at  all 
basic,  would  greedily  attack  the  body,  to  an  extent  deter- 
mined by  the  length  of  the  burn  and  the  temperature.  But 
whether  a  Bristol  glaze  in  which  sufficient  alumina  and 
silica  has  originally  been  incorporated  **to  satisfy  the  glaze" 
as  we  say,  and  in  which  the  lime  is  relatively  low,  will  attack 
the  body  to  any  considerable  extent  is  doubtful. 

The  ratio  of  alumina  to  silica  to  be  used  in  a  Bristol 
glaze  is  another  factor  governed  by  physical  as  well  as  chem- 
ical limitations.  It  is  a  well  known  fact  that  the  average 
Bristol  glaze  can  be  softened  by  additions  of  silica,  but  the 
addition  of  the  silica  creates  physical  difficulties  that  the  in- 
crease of  fusibility  cannot  counteract,  just  as  in  the  case  of 
the  feldspar  before  cited. 

The  writer  has  made  no  systematic  experiments  to  de- 
termine the  effect  of  various  ratios  between  silica  and  alum- 
ina on  various  glazes,  but  has  observed  their  effect  in 
several  cases. 

Increase  in  the  ratio  between  silica  and  alumina  is 
always  accompanied  by  a  less  opaque  glaze,  showing  that 
more  of  zinc  has  gone  into  solution. 

The  writer  has  not  had  the  privilege  of  making  a  micro- 
scopic examination  of  a  burned  white  Bristol  glaze,  nor  has 
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any  record  of  such  an  investigation  by  anyone  else  been 
found.  But  it  is  probable  that  the  opacity  of  the  glazCi  when 
high  in  alnmina  is  due,  in  part,  to  the  formation  of  crystals. 
Bat  all  the  zinc  cannot  be  said  to  be  combined  either  in  the 
fused  portion  of  the  glaze  or  in  these  crystals,  but  is  freCt 
either  in  solution  or  undissolved.  When  free,  while  it  would 
not  add  to  the  opacity  as  much  as  it  would  if  combined  with 
the  alumina,  it  does  add  its  quotient  to  the  opacity  of  the 
glaze.  This  is  shown  readily  by  the  addition  of  more  SiOi 
which  reacts  on  the  free  zinc,  taking  it  into  combination  with 
the  other  silicates. 

The  physical  difficulty  is  noted  in  the  ' 'dusting''  and 
'^scaling"  of  the  glaze  high  in  flint. 

The  ratio  between  alumina  and  silica  as  found  in  the 
best  glaze  last  year^,  it — 1 :  6  to  1 :  7,  is  bom  out  by  the 
following, — 

A.  S.  Watts  has  given  thirty-six  porcelain  body  formulae'. 
He  then  remarks,  "Only  in  two  out  of  the  thirty-six  cases 
does  the  silica  run  below  3.7  and  in  only  two  cases  of  modem 
porcelain  does  it  run  over  6.0  SiOi.  As  the  formulae  were 
figured  with  alumina  as  unity,  these  figures  give  the  direct 
ratio.  Porcelain  mixtures  are  akin  to  Bristol  glazes,  the  same 
general  laws  holding  good  in  each  case. 

L.  E.  Barringei'  found  that  the  salt  glaze  he  examined 
was  essentially  the  same  as  could  be  used  for  stoneware^ 
having  the  formula — 

0.002  KflO  i  0.612  Als(H\  qt/uqi/v 
0.182  CaO  f  0.048  PeiOs/  2-^<^Oi^ 
0.002  MgO  J 

In  this  case  we  find  the  ratio  of  alumina  to  silica  to 
be  1:4. 41+ 

Langenbeck^  gives  formulae  of  glazes  analyzed  by  him 
as  follows: 

0.74  §8 1   l-^^«^'    6.76  SIOi.       Batlol:&6S 

1  TranMUStlonB  of  A.  0. 8.,  Volume  IV,  p«g6  71. 

3  Ibid,  01,  M,  M. 
t  Ibid,  118. 

4  Ohamlstrj  of  Pottery,  page  146. 
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*ae4M§81  ^'^^  ^*^'    6.68  SiOi.       Ratio  1:6.47 

0.8660  CaO  [  0.8807  AltOi,  1.942  SiOi.  Batio  1 :  6.86 
0.4006  ZnO  J 

The  same  author  also  gives  the  analysis  and  formula  of 
two  slip  glazes  as  follows: 

1 0.1064  KjO)   o««ai*o.^ 

0.4692  CaO  V  a'StsSJ?)  8.966  SlOi.  Ratio  1:  6,62 
0.8454Mgof  0.081  FeiO,/ 

i0.229KNaOl 

0.020  MnO  Ia488  AlsOs)  ftOMaiA.  r^m^iat 
0.2492  MgO  f  0.078  FesOs  \  ^^  ^^  ^^^^  ^  *  ®-^ 
0.6016  CaO  J 

Geijsbeek  in  his  article  *'Red  Glazes  at  High  Tempera- 
ture,''^  quotes  several  workable  alkali — alkaline  earth  glazes 
for  Cone  8;  whose  ratio  ranged  from  4.6  to  6.15. 

Seget^  gives  as  foUowSi  the  formula  of  three  clays  which 
were  used  as  slip  glazes: 

Glaze  from  Naumburg  RO;  0.40  AlsOs;  2.80  SiOi. 
Qlaze  from  Camens  RO;  0.68  AlsOt;  8.68 SiOi. 
Glase  from  Dommitzsoh  RO ;  0.80  AIiOi;  8.16  SiOi. 

The  ratio  of  their  alumina  to  their  silica  are  respect- 
ively, 6.75,  5.09,  3.937. 

A  stoneware  glaze  made  by  G.  Vogt,^  and  used  on  their 
stoneware  exhibited  by  the  Sevres  Porcelain  Works,  at  Paris 
Exposition,  had  the  chemical  formula  of 

0.7  09^  \  ^'^  ^^'  ^'^  ^^^*  ^^^^^  ^  *  ^*^^- 

The  ratio  of  alumina  to  silica  in  glazes  XI,  XII,  XIII 
and  XIV  before  quoted,  fall  within  the  limits  here  indicated. 

The  following  experiments  were  made  to  show  the  rela- 
tive effect,  in  various  mixtures,  of  the  increase  of  feldspar 
at  the  expense  of  the  carbonate  of  calcium;  and  the  increase 
of  day  in  each  case,  as  shown  in  the  following  epitome 
of  the  series. 

1  Ohemlitcy  of  Pottery,  pAgei  14lMtt-84-85. 

S  Traniaotloni  of  A.  0.  S.,  Volume  I,  pftgee  <n-66. 

t  Tra&slatloiM  of  the  Oolleoted  WrltlAge  of  Herman  Seger,  page  tfi. 

4  Volume  -^-~-  Journal  Society  Ohemioal  Industry. 
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VariAtioiui  in 

Eftoh  with  a  Taryini 
ratio  of  KsO;  AUOk 

EqT.  of  KflO 

.200 

1:1.0 

.260 

1:1.2 

.800 

1:1.8 

.860 

1:1.4 

.376 

1:1.5 

.400 

1:1.6 

.460 

1:1.8 

.600 

1:2.0 

Bach  of  the  above  has  an  AlsOs:  SiOs  ratio  of  1:  5.5 
(except  in  the  first  nnmbers  of  each  series,  which  are  1:6.) 

Material  used:  Mayfield  ball  clay,  Brandy  wine  feldspar, 
ordinary  commercial  whiting,  Goldings  flint,  and  commer- 
cial zinc  oxide  were  used  in  these  tests.  They  were  dried 
thoroughly  before  being  used. 

Mode  of  Manufacture:  The  first,  second  and  last  in  each 
series  were  ground  separately  for  one  hour  in  a  wet  ball  mill; 
screened  through  a  150  mesh  sieve;  dried  to  stiffness  in 
plaster  molds:  and  then  to  dryness  over  a  hot  plate  and  pul- 
verized to  pass  a  40  mesh  sieve. 

For  the  intermediary  members,  aliquot  parts  of  the  second 
and  last  members  of  each  series  were  mixed  in  dry  condition 
by  passing  through  a  sieve  several  times. 

The  several  mixtures  were  then  made  into  cones.  Bach 
was  worked  up  with  water  except  the  first  member  of  each 
series.  In  these,  sufficient  dextrine  paste  was  added  (about 
10  per  cent.)  to  make  the  mass  workable. 

Burning:  The  burnings  were  made  in  an  up-draught 
kiln  in  which  a  large  muffle  was  used.  The  cone  slabs  were 
placed  far  enough  to  the  rear  of  the  muffle  so  as  to  prevent 
those  nearest  the  open  end  flashing  down. 

The  Le  Chatelier  pyrometer  was  used  in  connection  with 
the  Seger  cones,  to  determine  the  temperature  attained. 

Series  1,  2,  3  and  4  were  burned  together  on  a  slab  in 
the  first  bum;  3,  4,  5  and  6  in  the  second  bum;  and  1,  2;  7 
and  8  in  the  third  burn,  thus  checking  the  pyrometer  read- 
ings throughout  the  three  bums.  This  was  done  because 
the  pyrometer  was  used  between  times  for  several  other  pur- 
poses, the  temperature  reaching  1300^  or  more  in  each  case. 
That  the  Le  Chatelier  pyrometer  couples  will  suffer  suf- 
ficiently by  such  treatment  to  differentiate  the  readings. 
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was  proven  by  the  readings  obtained  in  the  last  bum.  In 
this  burn,  the  cones  in  series  1  and  2  came  down  15^  earlier 
than  they  did  in  the  first  burn,  according  to  the  readings  of 
the  pyrometer. 

In  each  bum  the  following  time — temperature  curve 
was  followed  as  closely  as  possible,  after  a  reading  of  120^C 
was  reached,  so  as  to  insure  similar  conditions  in  each  case. 
(See  curve  below. ) 
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Stoneware  Glazee— Series  I. 


RO 


f  0.! 
I  0. 


o.aoKflO 

40CaO 
40ZnO 


OlAse 

No. 


Molecular  Formola. 


RO 


AlsOs 


SiOi 


Ratio 


K2O: 
AlflOs 


Ratio 


AlsOs 
:SiOt 


Proportions  Blended. 


I 
I 
I 
I 
I 
I 
I 
I 


A 

B 
C 
D 
E 
F 
G 
H 


1.00 

0.20 

1.20 

1:1.0 

1:6.0 

1150 

1.00 

0.24 

1.32 

1:1.2 

1:6.6 

1160 

1.00 

0.26 

1.43 

1:1.3 

1:6.6 

1136 

1.00 

0.28 

1.64 

1:1.4 

1 :6.6 

1100 

1.00 

0.30 

1.66 

1:1.6 

1:5.6 

1096 

1.(10 

0.82 

1.76 

1:1.6 

1:6.6 

1080 

1.00 

0.36 

1.96 

1:1.8 

1:6.6 

1076 

1.00 

0.40 

2.20 

1:2.0 

1:6.6 

1076 

I  A  alone 

1  B  alone 
7  parts  I 
6  parts  I  B— 2 
6  parts  I  B--3 
4  parts  I  B — 4 

2  parts  I  B— 6 
I  H  alone 


part  IH 
parts  I  H 
parts  I  H 
parts  I  H 
parts  I  H 


Batch  Composition  of  Extremes. 


Ingredients. 


I  A 


I  B 


IH 


Feldspar . . 
Whiting . . 
Zinc  oxide 
Ball  clay.. 
Flint 


111.4 
40.0 
82.4 


111.40 

40.00 

32.40 

10.82 

2.40 


111.4 
40.0 
32.4 
61.6 
86.0 


Behavior  in  Fusing. —  The  cones  of  this  series  (I) 
went  down  so  rapidly  when  they  once  started  that  they  re- 
quired close  watching  in  order  to  note  the  time  and  temper- 
ature when  they  were  fused  flat,  those  higher  in  clay  being 
the  most  rapid,  due  no  doubt  to  the  action  of  the  CaO  on 
the  clay. 

Appearance  When  Cooled.  —  The  last  four  or  IE, 
IP,  IG  and  IH  fused  to  clear  glasses,  while  the  first  four  lA, 
IB,  IC  and  ID  were  semi-opaque,  which  is  contrary  to  the 
rule  that  additions  of  AlaOs  to  a  glaze  increase  the  opacity  of 
that  glaze. 

Cone  I  A  had  a  dead  spongy  appearance,  which  was  less 
pronounced,  in  the  others,  as  they  increased  in  clay. 

In  this  series  each  addition  of  ball  clay  made  the  mix- 
ture more  fusible,  the  point  of  maximum  fusibility  not  being 
reached. 
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Btoneware  Glazes— Series  II. 


RO 


\    0. 
I  0. 


0.25  K2O 
d5CaO 
40ZnO 


OlaM 
No. 


Molecular  Formula. 

Ratio 

Ratio 

Fusing 
Temp. 
OOont. 

RO 

AlsQs 

SiOi 

K2O: 
Al,08 

AhOs 
:8lOf 

Proportions  Blended. 


II  A 
II  B 

lie 

HD 
HE 
II  F 

no 

II  H 


1.00 

0.250 

1.50 

1:1.0 

1:6.0 

1125 

1.00 

0.800 

1.65 

1:1.2 

1:5.6 

1150 

1.00 

0.825 

1.78 

1:1.3 

1:5.5 

1140 

1.00 

0.850 

1.92 

1:1.4 

1:5.5 

1180 

1.00 

0.875 

2.06 

1:1.5 

1:5.5 

1180 

1.00 

0.400 

2.20 

1:1.6 

1;5.5 

1120 

1.00 

0.450 

2.47 

1:1.8 

1:5.5 

1115 

1.00 

0.500 

2.75 

1:2.0 

1:5.5 

1120 

II  A  alone 
n  B  alone 

7  parts  B  and  1  part  H 
6  parts  B  and  2  parts  H 
5  parts  B  and  8  parts  H 
4  parts  B  and  4  parts  H 
2  parts  B  and  6  parts  H 
IIH  alone 


Batch  Composition  of  Extremes. 


Ingredients. 


II  A 


II  B 


IIH 


Feldspar  . 
Whiting . . 
Zinc  oxide 
Ball  clay.. 
Flint 


189.25 
85.00 
82.40 


189.26 

85.00 

82.40 

12.90 

8.00 


189.25 
85.00 
82.40 
64.50 
45.00 


Behavior  in  Fusing. — The  cones  went  down  rapidly  after 
they  once  started. 

Appearance  When  Cooled. — The  cones  showed  their  pro- 
gressive fusibility  from  II  H  up  to  II  B  by  their  shape  after 
being  cooled.  Prom  II  H  to  II  D  the  melted  cones  were 
shapeless  globules  while  II  D  showed  semblance  to  cone 
shape,  II  C  had  round  edges,  and  II  B  retained  its  shape 
and  edges. 
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Stoneware  Glazes — Series  m. 


RO 


{0. 
0. 
0. 


0.30  KsO 
80CaO 
40ZnO 


OlAse 
No. 


Molecular  Formula. 

Ratio 

Ratio 

55d 
£h9 

RO 

AljOs 

SiOt 

K,0: 
AlsOs 

Al«Os 
:SiOs 

Proportions  Blended. 


niA 

IIIB 

inc 

HID 

niE 
niF 
niG 
niH 


1.00 

0.30 

1.80 

1:1.0 

1:6.0 

1100 

l.OO 

0.86 

l.d8 

1:1.2 

1:5.6 

1085 

1.00 

0.39 

2.14 

1:1.8 

1:5.6 

1076 

1.00 

0.42 

2.81 

1:1.4 

1:5.5 

1045 

1.00 

0.45 

2.47 

1:1.6 

1 :6.6 

1066 

1.00 

0.48 

2.64 

1:1.6 

1:6.6 

1060 

1.00 

0.51 

2.80 

1:1.7 

1:5.5 

1076 

1.00 

0.54 

2.97 

1:1.8 

1:5.6 

1095 

III  A  alone 
in  B  alone 

6  parts  B  and  1  part  H 
4  parts  B  and  2  parts  H 
3  parts  B  and  3  parts  H 
2  parts  B  and  4  parts  H 
1  part  B  and  6  parts  H 
III  H  alone 


Batch  Ck)mposition  of  Extremes. 


Ingredients. 


Ill  A 


III  B 


IIIH 


Feldspar. 
Whiting . . 
Zinc  oxide 
Ball  clay.. 
Flint 


167.1 
30.0 
32.4 


167.10 

30.00 

32.40 

16.48 

3.60 


167.10 
30.00 
32.40 
61.92 
41.40 


Behavior  in  Fusing. — These  cones  behaved  more  nor- 
mally, five  minutes  elapsing  between  the  time  they  started 
and  the  time  they  were  flat. 

Appearance  When  Cooled, — They  were  all  opaque  white 
masses  which  showed  nicely  their  order  of  fusibility;  cone 
III  D  and  III  E  being  globules,  while  the  others  retained 
their  shape  more  or  less. 

It  is  seen  that  in  this  series  the  point  of  maximum  fusi- 
bility is  reached  when  it  contains  .12  equivalent  of  clay,  .15 
equivalent,  making  the  mixture  but  a  trifle  harder. 

It  was  not  expected  that  many  of  this  series  would 
fuse  dowu  before  Seger  cone  2  and  as  the  plaque  was  rather 
crowded,  only  so  many  test  cones  were  used  as  was  judged 
necessary.  So  in  comparison  with  Seger  cones  there  was  not 
as  much  data  obtained  as  was  desired.  Cone  2,  however,  did 
uot  lose  its  sharp  edges,  although  lyiug  perfectly  flat. 

In  this  quick  fire,  cone  III  D  or  III  E  would  make  a  good 
Bristol  glaze,  but  not  in  the  slow  stoneware  fires. 


^ 


STONEWARE  GLAZES. 


153 


Stoneware  GlazeB--SerieB  IV. 


0.36  EsO 

BO  i   0.25  CaO 

0.40  ZnO 


Olaze 
No. 


Moleoolar  Formala. 


RO 


AlsQs 


SiOs 


Ratio 


KsO: 
AlsOs 


Ratio 


AlsOt: 
SiOs 


Proportions  Blended. 


IV  A 
IVB 
IV  C 
IV  D 
IVE 
IVF 


1.00 

0.350 

2.100 

1:1.0 

1:6.0 

1076 

1.00 

0.420 

2.310 

1:1.2 

1:5.5 

1080 

1.00 

0.455 

2.600 

1:1.8 

1:5.6 

1046 

1.00 

0.490 

2.695 

1:1.4 

1:5.5 

1065 

1.00 

0.525 

2.887 

1:1.6 

1:5.5 

1066 

1.00 

0.660 

3.080 

1:1.6 

1:5.6 

1090 

IV  A  alone 

IV  B  alone 

8  parts  B  and  1  part  F 

2  parts  B  and  2  parts  F 

1  jbart   B  and  8  parts  F 

IV  F  alone 


Batch  Composition  of  Extremes. 


Ingredients. 

IV  A 

IV  B 

IV  F 

Feldsnar 

194.96 
25.00 
82.40 

194.95 

25.00 

82.40 

18.00 

4.20 

194.96 

Whitlnir 

25.00 

Zino  oxide 

Ball  clav 

82.40 
54.18 

Flint 

33.00 

Behavior  in  Fusing: — The  cones  of  this  series  were  still 
more  regular  in  their  time  of  starting  and  melting  flat,  show- 
ing the  effect  of  the  decrease  of  carbonate  of  calcium. 

While  the  most  fusible  of  this  series  was  flat  on  the 
plaque  at  the  same  temperature  reading  as  III  D,  it  had  started 
five  minutes  earlier.  At  this  part  of  the  burn,  the  heat 
lagged  a  trifle  below  the  time-temperature  curve  of  the  pre- 
vious burn,  thus  allowing  the  cones  to  complete  their  com- 
ing down  a  trifle  slower  than  they  otherwise  would.  Their 
starting,  however,  was  from  five  to  ten  minutes  earlier  than 
were  those  of  series  III,  showing  that  IV  C  was  really  a 
trifle  softer  than  III  D. 

Appearance  when  Cooled: — Cones  IVB  and  D  were  globules 
while  the  others  retained  their  shape  more  or  less  according 
to  their  fusibility.  IV  A  and  F  appear  to  be  equally  fused, 
but  IV  F  has  a  gloss,  while  IV  A  has  only  an  incipient  gloss. 

In  this  series  0.105  equivalent  of  ball  clay  can  be  added 
before  reaching  its  point  of  maximum  fusibility. 
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Stoneware  Glases— Series  V. 


BO 


{0. 
0. 
0. 


0.875  KfO 
225  OaO 
400  ZnO 


Glftse 

Molecular  Formula. 

Ratio 

Ratio 

5^« 

No. 

RO 

AltOs 

SiOi 

KiO: 
AlflOs 

AliOs 
:SlOf 

Proportions  Blended. 

VA 
VB 
VC 
VD 
VE 
VF 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.375 
0.460 
0.487 
0.625 
0.662 
0.600 

2.260 
2.476 
2.681 
2.887 
8.094 
8.800 

1:1.0 
1:1.2 
1:1.3 
1:14 
1:1.6 
1:1.6 

1:6.0 
1:6.6 
1:6.5 
1:5.6 
1:5.5 
1:6.5 

1070 
1046 
1046 
1066 
1065 
1090 

V  A  alone 

V  B  alone 

8  parts  Band  1  part  F 
2  parts  B  and  2  parts  F 
1  part   B  and  8  parts  F 

V  F  alone 

Batch  Composition  of  Extremes. 


Ingredients. 

V  A 

V  B 

V  F 

Feldsnar 

208.87 
22.60 
82.40 

208.87 

22.60 

82.40 

19.36 

4.60 

206.87 

Whitincr 

22.60 

Zinc  oxide • 

82.40 

Ball  clav . .          

5805 

Flint 

86.00 

Behavior  in  Fusing: — The  cones  in  this  series  were  five 
minutes  longer  from  the  time  they  started  to  the  time  they 
were  lying  flat  on  plaque. 

Appearance  when  Fused: — They  resemble  series  IV  very 
much,  except  that  they  show  plainly  that  the  point  of  maxi- 
mum fusibility  is  approaching  closer  to  the  lower  potash- 
alumina  ratio,  V  B  being  considerably  softer  than  IV  B. 
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Stoneware  Glazes— Series  VI. 


BO 


f  ^- 
I  0. 


0,40  K2O 

aooao 

4OZ11O 


Molecular  Formula. 

Ratio 

Ratio 

M  .A 

Glase 

III 

No. 

BO 

AlflOs 

SiOs 

K,0: 
AliOs 

AljO« 
:SiOs 

VIA 

1.00 

0.40 

2.40 

1:1.0 

1:6.0 

1066 

VI B 

1.00 

0.48 

2.64 

1:1.2 

1:6.6 

1086 

VIC 

1.00 

0.62 

2.86 

1:1.8 

1:6.6 

1046 

VI  D 

1.00 

0.66 

8.08 

1:1.4 

1:6.6 

1060 

VIE 

1.00 

0.60 

8.80 

1:1.6 

1:6.6 

1070 

VIF 

1.00 

0.64 

8.62 

1:1.6 

1:6.6 

1006 

Proportions  Blended. 


VI  A  alone 

VI B  alone 

8  parts  Band  1  part  F 

2  parts  B  and  2  parts  F 

1  part   B  and  8  parts  F 

VI  F  alone 


Batch  Composition  of  Extremes. 


Ingredients. 


Feldspar . . . 
Whiting.... 
Zinc  oxide. 
Ball  day... 
Flint 


VI  A 


222.8 
20.0 
82.4 


VI  B 


222.80 

20.00 

82.40 

20.64 

4.80 


VIF 


222.80 
20.00 
82.40 
61.02 
8a40 


Behavior  in  Fusing: — Was  similar  to  series  V. 

Appearance  after  Cooling: — While  VI  F  seemed  to  be 
fused  almost  as  much  as  IV  P  and  V  P,  the  other  members  of 
the  series  were  more  fused  than  the  corresponding  members 
of  the  other  series,  showing  that  this  series  was  more 
fusible  than  V. 
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Stoneware  Glases— Series  VII. 


0.46  KtO 

RO^   0.16  CaO 

0.40  ZnO 


GlAse 

Moleenlar  Formula. 

Ratio 

Ratio 

III 

No. 

BO 

AlsOs 

SiOi 

KtO: 
AhOs 

AlsOs 
:8iOs 

Proportions  Blended. 

VUA 
VHB 

vnc 

VHD 
VHE 

vnF 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.460 
0.640 
0.686 
0.680 
0.676 
0.720 

2.70 
2.97 
8.22 
8.46 
8.71 
8.96 

1 : 1.0 
1:1.2 
1:1.3 
1:1.4 
1:1.6 
1:1.6 

:6.0 
:6.6 
;6.6 
;6.6 
:6.6 
;6.6 

1060 
1050 
1066 
1080 
1086 
1006 

VII  A  alone 

Vn  B  alone 

8  parte  B  andl  part  F 

2 parts  Band 2  parts F 

1  part  B  and  8  parts  F 

Vll  F  alone 

Batch  Composition  of  Extremes. 


Ingredients. 


Feldspar. . 
Whiting. 
Zinc  oxide 
Ball  clay.. 
FUnt 


VII  A 


250.66 
16.00 
82.40 


VII  B 


250.66 

15.00 

82.40 

28.22 

6.40 


VII  F 


250.66 
16.00 
82.40 
69.66 
48.20 


Behavior  in  Fusing. — Very  regular. 

Appearance  After  Cooling, — This  series,  it  will  be  noted, 
is  quite  a  great  deal  harder  than  VI. 

The  gloss  is  good.  The  opacity  or  whiteness  increases 
in  depth  with  increase  of  alumina,  but  this  increase  in 
whiteness  is  accompanied  with  the  same  physical  defects  as 
was  noted  in  glaze  I,  before  given,  when  burned  on  the 
ware.  Pin  holes  increase  in  number  and  size  as  the  alumina 
increases.  In  fact,  incipient  crawling  or  drawing  up  into 
beads  is  very  much  in  evidence  in  this  series. 
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Stoneware  GlaseB— Series  VIII. 


BO 


{0. 
0. 
0. 


0.60  EsO 
lOCaO 
40ZaO 


Glftsa 
No. 


Holeoalar  Formula. 

Ratio 

Ratio 

Fusing 
Temp. 

HO 

A1K)8 

SiOt 

K><): 
AlsOs 

AltOz 
:SiOs 

Proportions  Blended. 


VIII  A 
VIII  B 

vni  c 

VIII  D 

vinE 
vinF 


1.00 

0.60 

8.000 

1:1.0 

1:6.0 

1060 

1.00 

0.60 

8.800 

1:1.2 

1:6.6 

1060 

1.00 

0.66 

8.676 

1:1.8 

1:6.6 

1076 

1.00 

0.70 

8.860 

1:1.4 

1:6.6 

1080 

1.00 

0.76 

4.126 

1:1.5 

1:6.6 

10d6 

1.00 

0.80 

4.400 

1:1.6 

1:6.6 

1120 

VIII  A.  alone 
VIII  B  alone 
8  parts  B  and  1  part  F 
2  parts  B  and  2  parts  F 
1  part  B  and  8  parts  F 
Vm  F  alone 


Batch  Composition  of  Extremes. 


Ingredients. 


VIII  A 


VIII  B 


VIII F 


Feldspar. . 
Whiting . . 
Zinc  o3dde 
Ball  clay. . 
Flint 


278.6 
10.0 
82.4 


276.50 

10.00 

82.40 

26.80 

6.00 


278.60 
10.00 
82.40 
77.40 
48.00 


Behavior  in  Fusing. — Very  regular. 

Appearance  After  Cooling. — All  of  this  series  except  VIII 
A  were  very  much  pin  holed.  This  pin  hole  phenomenon  is 
not  due  to  their  refractoriness  for  they  are  fused  to  globules, 
but  rather  to  their  high  content  of  feldspar  and  low  content 
of  whiting. 

Curves  have  been  drawn,  to  study  these  series  as  a 
whole,  for  the  facts  are  thus  more  plainly  shown.  (See 
page  158.) 

From  these  curves  the  formula  of  any  of  the  mixtures 
can  be  readily  figured.  The  zinc  is  retained  at  0.4  Eqv. 
throughout;  the  potash  is  given  on  the  abscissa;  the  calcium- 
oxide  is  then  determined  by  difference,  making  (Eqv.  K2O 
-I-  Eqv.  ZnO  4-  Eqv.  CaO)  =  1.0;  the  alumina  in  any  mixture 
can  be  obtained  by  subsituting  the  equivalent  of  potash  in 
the  ratios  which  the  curve  represents,  and  upon  which  the 
mixture  is  described,  and  computing  for  the  value  of 
alumina;  the  silica  in  all  cases  is  6.5  times  the  alumina. 
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The  curves  show: — 

1st.  That  the  most  fusible  glazes  can  be  obtained  with 
0.30  to  0.4  equivalent  of  feldspar,  0.4  making  the  most 
fusible  one. 

2nd.  That  an  increase  of  feldspar  over  0.4  equivalents 
makes  the  glaze  containing  clay  more  refractory. 

3rd.  The  series  in  which  potash  and  alumina  are  as 
1 : 1  shows  that  in  each  mixture  without  clay,  increase  of 
feldspar  increases  the  fusibility,  but  as  is  shown  in  the  fol- 
lowing table,  the  lower  the  equivalent  of  feldspar,  the  larger 
can  the  potash-alumina  ratio  be  before  the  fusing 
point  reaches  that  ot  the  glaze  without  clay. 

TABLE  XII 

Showing  that  a  high-feldspar  glaze  devoid  of  clay  suh- 
stance,  melts  at  a  higher  temperature  than  one  containing 
clay  substance,  and  showing  that  as  the  amount  of*  feldspar 
is  decreased,  the  amount  of  clay  substance  must  be  steadily 
increased  to  maintain  an  equal  fusing  point. 


Eqnlv. 
Falaspar. 

Equlv.    AltOa 
at  which  max. 
fusibility  was 
attained. 

Eqniv.olay  ad- 
ded for  maxl- 
mmn  fusibil- 
ity. 

Equiv.    AltOt 
at  which  equal 
fusibility  was 
maintained. 

Equiv.  clay  ad- 
ded for  equal 
fusibility. 

0.600 
0.460 
0.400 

0.876 

0.860 
0.800 
0.200 

0.60 

0.64 

0.48 

j  0.4«75 

10.460 

0.406 

0.420 

Not  reached 

0.00 
0.09 
0.08 
0.1126\ 
0.076   / 
0.106 
0.120 
Not  reached 

0.60 
0.64 
0.66 

0.6626 

0.616 
0.640 
Not  reached 

0.00 
0.00 
0.16 

0.1876 

0.165 

0.240 

Not  reached 

4th.  The  glaze  having  0.8  Eqv.  of  clay  added  with  0.2 
Bqv.  of  feldspar,  or  K2O,  is  as  fusible  as  the  glaze  of  0.5  Eqv. 
of  feldspar  having  only  0.3  of  clay  added.  This  is  due,  no 
doubt,  to  the  action  of  the  CaO  on  the  clay.  The  CaO  in 
the  first  instance  amounts  to  0.4  and  only  0.1  in  the  latter. 

6th.  Figuring  the  equivalent  of  alumina  in  the  glaze 
enclosed  in  the  shaded  rectangle,  representing  the  most 
fusible  glazes  we  have,  in  order  ot  their  fusibility  for  each 
equivalent  of  potash: — 


leo 


STONEWARE  0LAZE8. 


TABLE  Xni. 


No. 

KfO 

AlfOs 

Equiv.  of  Clay 

Temp,  of  FoBlng 

1 
2 
8 

0.8 
0.3 
0.8 

a42 

0.46 
0.48 

0.12 
0.15 
0.18 

1046 
1065 
1065 

4 

6 

6 

0.86 
0.86 
0.86 

0.466 
0.490 
0.626 

0.106 
0.140 
0.176 

1045 
1056 
1065 

7 

8 

9 

10 

0.876 

0.876 
0.376 

/  0.450 
10.4876 
0.626 
0.6626 

0.076   ) 
0.1125/ 
0.160 
0.1876 

1046 

1065 
1065 

11 
12 
18 

0.40 
0.40 
0.40 

0.48 
0.62 
0.66 

0.08 
0.12 
0.16 

1086 
1045 
1060 

14 
16 

0.46 
0.46 

0.54 
0.58 

0.09 « 
0.13 

1050 
1065 

16 

0.60 

0.60 

0.10 

1060 

While  these  glazes  thus  tabulated  fused  considerably 
under  Cone  2,  and  would  give  good  glossy  glazes  at  Cone 
2  or  lower,  when  burned  in  as  short  a  period  of  time  as  this 
test  was,  they  would  require  Cone  5-7  in  the  longer  burns  of 
the  regular  stoneware  operations. 

In  order  to  verify  the  results  attained  in  the  foregoing 
investigation,  the  above  sixteen  formulae  plus  2  per  cent, 
'^soluble  salt"  were  given  to  stoneware  potters  to  be  tried  as 
glazes  under  working  conditions.  Their  percentage  com- 
positions are: 
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TABLE  XIV. 


a 

•»4 

6 

06 

5» 

1 

6C 

B 

is 

5 

2 

►» 

43 

d 

0 

5 

a 

0 

S 
fo 

1 

3 

niD 

1 

69.22 

10.68 

11.48 

10.97 

5.74 

1.96 

IHE 

2 

66.86 

10.12 

10.98 

13.05 

7.59 

1.96 

IHF 

8 

53.77 

9.65 

10.43 

14.94 

9.27 

1.98 

IV  C 

4 

66.72 

8.43 

10.92 

9.18 

8.84 

1.96 

IV  D 

6 

63.18 

8.10 

10.50 

11.71 

4.57 

1.94 

IVE 

6 

59.04 

7.57 

9.81 

18.77 

7.94 

1.98 

VB 

7 

71.00 

7.70 

11.26 

6.60 

1.64 

1.98 

VC 

8 

67.00 

7.22 

10.40 

9.88 

3.97 

2.00 

VD 

9 

63.25 

6.85 

9.87 

11.80 

6.17 

1.98 

VE 

10 

60.17 

6.50 

9.30 

18.90 

8.10 

1.98 

VI  B 

11 

72.60 

6.58 

10.60 

6.70 

1.60 

1.98 

VIC 

12 

68.25 

6.18 

10.00 

9.60 

4.06 

1.98 

VI  D 

18 

64.60 

5.80 

9.40 

12.00 

6.28 

1.98 

vn  B 

14 

76.23 

4.50 

9.75 

6.97 

1.62 

1.98 

VII  C 

16 

70.80 

4.26 

9.20 

9.50 

4.37 

1.98 

VTII  B 

16 

77.50 

2.77 

9.00 

7.20 

1.67 

1.95 

By  * 'soluble  salt"  was  meant  whatever  the  manufacturer 
was  using  to  prevent  crawling. 

The  Macomb  Pottery  Company,  of  Macomb,  Illinois, 
Mr.  Charles  Kettron,  manager,  were  not  running  at  the  time 
he  received  the  formulae,  but  as  they  had  a  kiln  of  ware  yet 
to  set  and  burn,  they  hastily  mixed  the  glazes  up  by  hand, 
and  screened  them  through  a  1 00  mesh  screen.  Although 
imperfectly  mixed,  they  showed  very  clearly  their  gen- 
eral behavior. 

The  heat,  as  shown  by  Seger  standard  cones  as  made 
by  Prof.  Orton,  was  Cone  7  about  half  down,  Cone  6 
having  gone  down  but  not  flattened.  Only  in  one  place  of 
the  kiln  was  Cone  8  "tipped". 

The  gloss  of  all  the  trials  was  as  good  as  could  be 
expected  from  hand  mixing. 

The  glazes  which  contained  0. 52  equivalent  AUOs  or 
more,  were  the  most  opaque. 

The  trials  were  burned  in  the  open,  and  on  the  inside  of 
other  ware;  those  burned  in  the  open  were  a  trifle  more 
transparent;  otherwise  no  material  difference  due  to  placing 
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could  be  noted.  Sal-soda  was  used  as  the  * 'soluble  salt"  to 
prevent  crawling.  English  ball  clay  was  used  in  all 
the  trials. 

Fortunately  the  trial  pieces  were  half  gallon  pans  which 
showed  more  clearly  the  effect  of  too  high  feldspar  content 
than  any  other  piece  of  stoneware  could.  Crocks,  etc.,  are 
bunged*  i  e^  placed  one  upon  another  allowing  considerable 
space  between  surfaces,  while  the  pans  are  nested,  i>,  placed 
one  over  the  other,  the  one  above  resting  upon  the  shoulder 
of  the  one  below,  thus  making  a  comparatively  close  fit,  and 
leaving  but  little  space  between  surfaces.  It  is  where  the  pans 
fit  so  closely  that  the  glaze  blisters  or  peels  the  most  readily, 
that  is,  around  the  top  edge  of  the  inside  and  around  the 
shoulder  on  the  outside. 

r 

It  has  been  the  writers  experience  that  glazes  contain- 
ing over  0.40  equivalent  of  feldspar,  will  thus  blister  when  a 
glaze  containing  0.40  equivalent  of  feldspar,  or  less,  will  not 
The  higher  the  content  of  the  feldspar  the  more  certainly  will 
this  blistering  on  the  pans  occur,  and  0.50  equivalent  of  feld- 
spar will  invariably  cause  such  blistering. 

Another  defect  due  to  too  high  content  of  feldspar  noted 
in  these  trials,  is  the  crawling  and  beading  up.  Glaze  16 
(VII  B)  was  not  only  very  badly  crawled  but  also  beaded  up, 
and  the  inside  edges  of  the  pans  were  badly  blistered. 
Glazes  14  and  16  (VII  B  and  VII  C)  while  not  so  badly 
crawled  and  beaded,  were  blistered  around  the  inside  edges 
of  the  pans.  The  other  glazes,  however,  were  practically 
free  from  such  defects. 

This  crawling  and  beading  up  in  glazes,  high  in  feldspar 
and  low  in  whiting  has  been  noted  in  every  case  brought  to 
the  writer's  attention,  both  in  practice  and  in  the  experi- 
mental work  by  classes  in  the  ceramic  department,  of  the 
Ohio  State  University.  It  was  even  exhibited  in  the  cones 
made  of  series  VIII,  as  before  noted. 

Mr.  George  W.  Shoemaker,  chemist  for  the  Robinson- 
Merrill  Pottery  Co.  of  Akron,  O. ,  ground  the  glazes  for  three  < 

hours  in  small  ball   mills;  dipped  them  on  bone  dry  ware, 
the  glazes  weighing  between  24  oz.  to  25  oz  per  pint;  placed 
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them  in  open  saggers  in  the  lower  and  upper  parts  of  the 
kiln  (up  draft,  double  deck.) 

He  used  borax  as  the  soluble  salt;  the  clay  used  was 
china  clay.  They  use  Kentucky  ball  clay  in  their  regular 
glaze,  but  Mr.  Shoemaker  claims  to  be  having  better  success 
with  this  particular  china  clay. 

The  temperature  attained,  as  shown  by  the  cones,  was 
very  uniform  throughout  the  kiln,  cone  six  just  touching  the 
plaque  in  both  top  and  bottom  of  the  kiln,  cone  seven  being 
but  very  slightly  bent  at  the  top  and  perfectly  erect  at  the 
bottom.  They  fire  the  lower  part  of  the  kiln  by  coal  in  58 
to  60  hours,  finishing  the  upper  deck  during  the  latter  10 
hours  of  the  burn  by  the  aid  of  gas. 

The  trials  thus  burned  in  the  gas  fires  of  the  upper  deck 
were  very  much  whiter  than  those  burned  in  the  coal  fires, 
although  the  variations  in  gloss  of  the  various  glazes  were 
the  same  in  both  parts  of  the  kiln,  showing  the  advantage  of 
burning  this  type  of  glaze  in  purely  oxidizing  atmosphere. 

None  of  the  trials  exhibited  the  crawling  to  the  degree 
that  those  made  up  at  Macomb  did,  due  undoubtedly,  to  the 
thorough  grinding  they  received. 

Taken  as  a  whole,  all  the  glazes  as  prepared  by  Shoe- 
maker, had  good  gloss,  and  opaqueness.  The  poorest  one 
was  as  opaque  as  any  to  be  seen  on  the  market. 

No.  16  or  VIII  B    Very  white,  g^d  gloss. 

No.  16  or  Vrr    C    Very  white,  good  gloss. 

No.  10  or  V      E) 

No.  18  or  VI    D  |>But  a  shade  darker  than  16. 

No.  14  or  VII  B  J 

No.   3  or  in    F 

No.    4  or  IV     C 

No.   6  or  IV     D 

No.    6  or  IV    E 

No.    SorV       C 

No.   9orV      D 

No.  11  or  VI     B 

No.  12  or  VI     C. 

No.    1  or  III    D  )  Still  darker,  but  would  be  consid- 

No.   2  or  III    E  j-    ered   very    good    white     bristol 

No.   7orV      bJ     glazes. 

The  darkening  of  the  shade,  above  referred  to,  is  the 
decreasing  of  opaqueness,  the  yellow  body  showing  through 
more  plainly  in  the  last  group. 


A  trifle  darker  shade  than  the  pre- 
vious group,  good  gloss — consid- 
ered fine  white  bristol  glazes. 


ie4  8TONEWABE  0IiAZB8. 

By  comparing  the  percentage  composition  of  the  glazes 
the  following  facts  are  to  be  noted: 

1st.  The  percentage  amount  of  zinc  used  in  the  first 
group  or  16.  15,  10,  13,  14,  were  9.0,  9.2,  9.3,  9.4,  9.75  per 
cent,  respectively  as  against  11.48,  10.93,  11.25  per  cent,  of 
the  last  and  opaque  group. 

2nd.  That  this  increase  of  opaqueness,  notwithstand- 
ing the  decrease  in  zinc,  is  due  to  the  alumina  is  obvious. 
Comparing  the  average  equivalents  of  alumina  in  the  three 
groups,  we  have  for  the  most  opaque  or  group  No.  1,  0.5685 
AI2O3;  for  next  groups,  0.4953  AI2O3;  and  for  the  next  or  least 
opaque  0.44  AI2O3.  But  is  this  increase  of  opaqueness  be- 
tween these  three  groups  in  proportion  to  the  increase  of 
alumina,  and  is  it  due  entirely  to  this  increase  of  alumina? 

Comparing  the  average  ratio  of  carbonate  of  calcium  to 
clay  in  the  three  groups,  we  find  for  the  first  group  2.11;  the 
second  group,  1.43,  and  the  third  group,  1.04,  1.  e,  for  one 
part  of  whiting  in  the  first  group  we  have  2.11  parts  of  clay, 
etc.  Thus,  while  the  carbonate  of  calcium  is  dect easing  in 
equivalents  as  well  as  in  percentage  amounts,  there  is  an  in- 
crease in  the  ratio  of  calcium  carbonate  to  clay  as  well  as 
an  actual  increase  in  content  of  feldspar. 

A  study  of  the  fusion  curve  in  the  light  of  the  experi 
ment  of  Bleininger  before  quoted,  shows  the  action  of  the 
calcium  oxide  in  the  several  amounts.  In  series  I  with  0.4 
CaCOs  the  maximum  fusibility  was  not  reached  even  with 
0.16  equivalent  of  clay,  and  the  fusibility  of  the  mixtures  de- 
creased with  the  decrease  of  clay.  Through  the  other 
series,  this  condition  was  being  reversed  regularly  with  de- 
crease of  CaCOa  until  in  series  VIII  every  addition  of  clay 
made  the  glaze  more  refractory. 

In  the  case  of  glaze  VIII  B  (16)  the  0.1  equivalent  CaO, 
has  ''spent"  itself  upon  the  clay  leaving,  possibly,  someday 
undecomposed  to  play  its  role  as  a  refractory  ingredient,  the 
feldspar|being  the  principal  solvent  medium. 

As  has  been  pointed  out,  mixtures  in  series  VIII  were 
very  steady  and  slow  in  fusing,  indicating  a  less  active  fluxing 
condition,  f'  Therefore  more  zinc  would  remain  uncombined, 
and   the  glaze  composition  would  be  that  of  the  slightly 
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opaqne  potash-alumina-eilicate  instead  of  the  clear  lime- 
zinc-alnmina-silicate  as  in  the  case  where  sufficient  CaO  is 
present  to  decompose  all  the  clay. 

The  answer  then  to  the  query  of  why,  as  the  feldspar 
increases,  less  clay  can  be  added  before  raising  the  fusibility 
of  the  mixture  is,  that  with  the  increase  of  feldspar  there 
is  a  decrease  of  CaCOs  the  active  agent  in  the  decomposition 
of  the  clay  and  feldspar,  which  renders  them  in  a  condition 
for  more  ready  fusion. 

The  effect  of  too  high  content  of  feldspar  in  the  Akron 
trials,  was  not  so  much  in  evidence  as  in  the  trials  from 
Macomb,  due  probably  to  the  more  thorough  grinding.  Yet, 
16  (VIII  B)  was  crawled  and  had  incipient  blisters. 

Of  the  various  mixtures  tried  13,  (VI  D)  is  the  most  suc- 
cessful and  economical  glaze,  and  its  formula  0.4  K2O,  0.2 
CaO,  0.4  ZnO,  0.56  AI2O8, 3.08  Si02  would  be  the  one  recom- 
mended  for  stoneware  at  Cones  6-7.  For  higher  heats  the 
AI2O3  and  Si02  can  be  increased,  always  keeping  their  ratio 
1 :  5. 5;  for  lower  heats  the  A^Oa  and  Si02  can  be  decreased, 
but  never  below  0.48  A^Os,  always  keeping  the  ratio 
of  AI2O8  Si02,  1  :  5.6. 

DISCUSSION. 

Mr.  Stanley  G.  Burt:  I  would  like  to  ask,  in  this  series 
of  Bristol  glazes,  whether  the  lower-fusing  formulae  retain 
their  opaqueness? 

Mr,  Purdy :  I  expect  they  will.  The  opaqueness,  as  I 
stated  last  year,  is  due,  in  part,  to  alumina,  and  it  was  ques- 
tioned whether  so  much  alumina  as  0.5  could  be  retained, 
and  not  affect  materially  the  fusibility  of  the  glaze.  In  my 
paper  last  year,  there  were  several  formulae  given  in  which 
zinc  was  higher  than  four-tenths.  These  glazes  when  made 
up  and  fired,  crawled,  and  when  made  lower  than  that  in 
zinc  they  were  not  white.  I,  therefere,  chose  four-tenths 
zinc.  Pour-tenths  zinc,  however,  will  not  cause  opacity 
when  the  alumina  is  less  than  0. 40,  and  further  addition  of 
alumina  increases  the  opacity.  Therefore,  I  believe  we  axe 
safe  in  assuming  that  these  lower-fusing  focmulae  will  retain 
their  opaqueness. 

11  Ctr. 
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Mr.  Burt:    Your  white  means  opacity? 

Mr.  Purdy :    Yes,  sir. 

Mr.  Burt:  I  think  it  would  be  interesting  to  have  one 
not  showing  opacity.  It  is  a  question  whether  we  haven't 
there  the  making  of  a  clear  leadless  glaze. 

Mr.  Purdy:  An  addition  of  five  hundredths  of  lime  at 
the  expense  of  the  zinc  will  clear  the  glaze  up. 

The  Chair:  Did  you  ever  try  to  replace  the  zinc  with 
oxide  of  tin  for  whiteness? 

Mr.  Purdy :  Yes,  sir.  I  would  like  to  have  some  one 
explain  to  me  why,  with  four-tenths  of  an  equivalent  of  feld- 
spar, we  have  the  most  fusible  glaze,  and  why  any  addition 
of  feldspar  above  that  point  makes  it  more  refractory?  With 
this  four-tenths  equivalent  of  feldspar,  we  have  also 
two-tenths  lime,  which,  with  the  four-tenths  zinc  makes 
up  the  RO. 

The  Chair:  What  is  the  amount  of  the  lime  in  those 
glazes  where  you  increase  the  feldspar  and  which  become 
more  refractory? 

Mr.  Purdy:  In  these  trials,  lime  was  not  added  in  suf- 
ficient quantity  to  have  refractoriness  due  to  the  excessive 
lime.  But  we  do  have  refractoriness  when  the  spar  is  in- 
creased at  the  expense  ^/the  lime. 

The  Chair:  It  may  be  a  little  like  adding  lime  as  a  flux 
in  a  vitreous  body.  It  helps  to  bring  the  body  to  vitrifica- 
tion up  to  a  certain  point,  but  an  increase  of  lime  above  that, 
goes  the  other  way  again. 

Mr.  Langenbeck :  I  think  Mr.  Purdy 's  paper  is  extremely 
interesting  on  account  of  the  side  lights  it  has  thrown  upon 
the  behavior  of  glazes  under  different  conditions  of  firing  in 
general;  particularly  his  observation  of  the  maturing  of  some 
of  the  glazes  of  this  series  at  a  lower  temperature  under 
rapid  fire,  than  in  a  regular  kiln  in  which  there  is  a  large 
mass  of  ware.  A  great  many  must  undoubtedly  have  been 
puzzled  as  I  have,  by  the  apparently  radical  difference  in 
behavior  of  glaze  trials  in  a  small  experimental  furnace  and 
in  a  large  kiln.  And  I  think,  furthermore,  that  his  observa- 
tions on  the  conditions  under  which  clay  and  lime  are 
brought  into  chemical  activity  are  of  far-reaching  import, 
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not  only  in  glazes,  but  in  fluxing  bodies  for  vitrification;  it 
seems  to  me,  it  would  be  an  interesting  starting  point  for 
many  di£ferent  lines  of  experiment.  I  know  in  a  general  way, 
of  course,  that  the  relations  of  feldspar  to  alumina  and  silica, 
with  reference  to  vitrification  and  after  fusion,  vary  very 
strangely  according  to  proportions.  We  know  this  in  a  gen- 
eral way  from  Seger's  experiments  along  this  line;  but  I 
don't  know  at  all,  even  with  the  amount  of  work  done,  and 
the  contributions  which  Mr.  Purdy  has  added,  that  any 
theory  yet  can  be  developed — I  don't  know  of  anyone  who 
can  answer  Mr.  Purdy's  question  to  explain  why  the  increase 
of  feldspar  beyond  four-tenths  equivalents  causes  the  body 
to  become  more  difficult  to  fuse.  Undoubtedly  there  is  a 
law,  and  when  we  get  the  many  facts  together;  we  can  de- 
velop the  law  which  will  be  a  guide  to  future  work.  The 
idea  that  an  increase  of  basic  elements  necessarily  increases 
fusibility  at  the  same  time,  was  long  ago  upset. 

If  you  take  the  case  of  vitreous  porcelain  bodies,  it  is 
frequently  desirable  to  increase  the  fusibility  of  the  body,  and 
for  practical  reasons  you  must  have  a  certain  amount  of  clay 
present  in  order  to  produce  a  workable,  sufficiently  plastic 
mass.  But  since  your  feldspar  already  carries  so  much  alum- 
ina with  it,  you  must  reach  your  alumina  and  silica  with  some 
more  fusible  flux.  It  doesn't  make  a  particle  di£ference 
whether  the  flux  is  more  fusible  than  feldspar ;  its  combina- 
tion with  clay  is  much  more  fusible  than  you  can  make  it 
with  any  feldspar  addition.  And  I  would  like  to  say  in  that 
connection,  that  the  ordinary  method  of  guaging  the  fluxing 
properties  of  feldspar  which  the  potter  uses,  viz.,  putting  it 
in  the  kiln  and  seeing  how  it  fuses  in  comparison  with  other 
spars,  is  incorrect.  The  assumption  that  because  one  flux 
is  more  fusible  than  another  perse^  it  follows  that  the  use  of 
the  more  fusible  flux  is  going  to  make  a  body  more  fusible, 
is  not  necessarily  the  case.  Mr.  Purdy's  experiments 
demonstrate  that. 


FURTHER  CONTRffiUTIONS  TO  THE  MANUFACTURE 
OF  ARTIFICIAL  SANDSTONE  OR  SAND  BRICIL* 

BY 

S.  V.  Peppbl,  B,  So.,  Columbus,  O. 

This  oontribntion  is  the  result  of  work  carried  ont  to 
determine  the  allowable  impurities  in  raw  material  and  the 
conditions  of  manufacture  which  will  produce  the  best  sand- 
brick.  I  would  suggest  that  the  use  of  the  term  "sand- 
brick  ''  be  limited  to  those  bodies  which  consist  of  a  mass  of 
sand  particles  bound  together  by  a  net  work  of  calcium-,  cal- 
cium-magnesium-,  or  magnesium-silicate,  formed  by  the  ac- 
tion of  steam  under  pressure  upon  silica  or  quartz  and  cal- 
cium or  magnesium  hydrates  or  a  mixture  of  both  of  them. 

Illustration  No.  1,  shows  the  fractured  surface  of  such  a 
body,  enlarged  eight  diameters. 

In  any  industry,  and  especially  in  a  young  one,  there 
are  always  many  questions  which  are  the  occasion  of  a  great 
deal  of  uncertainty  both  in  selection  of  raw  materials  and 
machinery  for  manufacture.  When  an  industry  has  got 
well  started,  we  know  that  with  certain  raw  material, 
handled  in  a  definite  manner,  in  a  certain  machine  or  com- 
bination of  machinery,  certain  desirable  results  can  be  accom- 
plished. We  also  know  that  a  certain  raw  material  exactly 
like  in  every  respect  to  that  in  use,  is  not  always  available, 
or  if  available  there  may  be  something  else  of  little  value  for 
any  other  purpose,  which  could  be  just  as  well  used,  and 
sometimes  with  better  results.  And  farther,  it  frequently 
happens  that  the  first  machines  in  use  are  not  the  most 
economical,  or  do  not  produce  the  best  possible  product. 

It  was  to  settle  as  many  of  these  questkms  as  possible 
that  the  work  which  I  am  about  to  report  upon  was  insti- 
tuted. We  set  out  with  a  view  of  determining  the  effect  of 
the  ordinary  impurities  in  the  class  of  materials  which  in  a 
comparatively  pure  state,  has  been  used  in  the  manufacture 
of  sand-brick  and  to  learn  what  was  required  of  each  machine, 

«PubUBh6d  In  adyanoe,  by  pennlsslon  of  Profeuor  Edward  Orton,  Jr.,  State 

GeologUt  of  Ohio. 
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with  a  view  to  pointing  out  their  faults,    if  any    could 
be  found. 

In  order  to  do  this,  it  was  necessary  to  establish  an  arti- 
ficial stone  factory,  on  a  small  scale,  so  constructed  that  we 
could  control  the  working  conditions  exactly.  The  forms 
into  which  our  product  was  made  were  only  two,  one  having 
the  shape  of  the  ordinary  cement  brickette  to  be  used  in  de- 
termining tensile  strengths,  and  a  two  inch  cube  for  testing 
the  crushing  strength.  We  had  cast-iron  molds  and  dies 
made  for  producing  these  two  shapes,  expecting  to  use  a  hand 
brick  press  for  the  necessary  power.  For  a  cylinder  in 
which  to  harden  the  brick,  we  used  a  piece  of  ten  inch 
wrought-iron  pipe,  fitted  up  with  flanges  and  cast-iron  heads 
on  each  end.  For  steam  pressure  we  had  access  to  a  100- 
horse  power  boiler,  capable  of  carrying  steam  up  to  250 
pounds  pressure. 

Although  we  thought  this  outfit  ample  and  satisfactory 
for  experimental  work,  we  soon  found  our  troubles. 

After  a  few  trials,  had  to  abandon  the  ha^d  press,  since 
we  could  neither  get  pressure  enough  nor  control  the  pres- 
sure uniformly.  We  surmounted  this  difficulty  by  placing 
our  dies  between  the  heads  of  aTinius  Olsen  100,000-pound 
testing  machine,  where  we  could  not  only  give  as  much  pres- 
sure as  we  wanted,  but  could  also  control  every  movement 
and  record  exactly  what  we  were  doing. 

We  will  take  up  the  discussion  of  the  subject  under  six 
heads,  although  in  the  nature  of  the  case  the  working  out  of 
the  problems  under  each  head  interlocked  and  overlapped 
each  other  at  many  points.  The  facts  fall  naturally  under 
the  following  heads: 

1.  The  raw  material  and  its  preparation 

2.  The  behavior  of  the  mixture  in  the  press,  v 

3.  Hardening. 

4.  Testing. 

"V  5.  Mechanical  equipment. 

f  6,  Discussions  of  the  merit  of  the  various  systems,  in- 

cluding patents. 
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I — THB  RAW  MATBRIAL  AND  ITS  PREPARATION. 

As  before  stated,  the  sand-bricks  consist  of  a  mass  of 
sand  particles  bound  together  into  a  rocklike  structure  by  a 
network  of  lime  or  magnesium  silicates.  The  raw  materials 
consist  of  only  two  principal  substances,  the  sand  and  the 
quicklime.    They  will  be  discussed  in  turn. 


SAND. 

J^'irsi.  Almost  any  sand  can  be  used,  and  fair  product 
produced,  if  the  treatment  is  properly  varied  to  suit  the  phys- 
ical and  chemical  properties  of  the  sand.  Economy  in 
manufacture*  however,  limits  both  physical  and  chemical 
properties. 

While  a  good-appearing  brick,  moderately  strong  at  the 
time  it  is  taken  from  the  hardening  kettle,  can  be  made  from 
almost  any  kind  of  sand,  still  for  a  safe  and  durable  material  of 
construction,  there  are  certain  limitations  in  the  chemical,  or 
rather  mineralogical  make-up  of  the  sand,  aside  from  those 
dictated  by  economy  in  manufacture,  as  will  be  shown  later 
by  experimental  results.  A  sand  with  too  much  clay  in  it 
will  make  a  brick  which  will  not  stand  up  long  under  the 
attacks  of  severe  weather. 

Second,  A  comparatively  pure  sand  is  essential  to  cheap 
manufacture,  as  well  as  for  the  production  of  a  safe  and  dur- 
able material,  nor  should  the  sand  be  too  coarse.  For  the 
best  results  it  is  probable  that  most  of  it  should  pass  through  a 
screen,  20  meshes  to  the  inch,  unless  there  is  a  good  grada- 
tion from  coarse  to  fine  particles,  in  which  case  a  coarser 
sand  might  be  used. 

Since  sand  constitutes  the  major  portion  of  the  raw 
material  for  this  industry,  we  will  take  up  the  examination 
of  it  first. 

Beginning  with  comparatively  pure  sand,  the  first  prob- 
lem is,  what  proportions  of  coarse  and  fine  sand  are  best. 
Work  done  by  Prof.  Glasenapp  showed  that  some  fine  sand 
is  necessary.  Dr.  Michaelis  has  said  that  two-thirds  coarse 
sand  and  one-third  fine  give  the  best  results.     This  state-  ^  . 

ment,  of  course,  is  a  little  indefinite,  since  coarse  and  fine 
sand  are  not  defined.    Season  tells  us  that  the  mixture 
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which  will  leave  the  smallest  amonnt  of  interstitial  space 
when  pressed  together^  will  be  the  best.  This  might  be  cal- 
culated exactly.  But  since  snch  a  sand  would  not  be  attain- 
able in  a  commercial  way,  the  calculation  is  omitted,  and 
practical  tests  will  be  given  to  show  the  effect  of  varying 
amount  of  very  fine  sand. 

In  all  the  work  which  follows  a  pure,  sharp  glass-sand 
was  used.  On  giving  it  a  mechanical  analysis,  it  was  found 
to  be  made  up  of  the  following  sizes: 

20  to   40  mesh— 60% 

40  to   60  mesh— 88^ 

CM)  to   80  mesh—  7% 

80  to  100  mesh—  7% 
10()  to  120  mesh—  2% 
120  to  150  mesh—  1% 

Since  this  sand  showed  no  very  fine  grained  particles, 
they  were  supplied  in  the  form  of  a  pure  potters  flint.  The 
mechanical  analysis  of  the  flint  was  as  follows: 

100  to  120  mesh— 0.70^  ) 

120  to  150  mesh -1.00%  >  Sieve  Separation. 

150  to  200  mesh— 1.25%  j 

.00212   in.  diam.— 24.00%! 
.00086   iD.  diam.— 19.00%  i 

".ffi   in.  diaS.-  fS  \^^^^^^^^^^  Separation. 
.000186  in.  diam.—  5.70^  I 
Too  fine  for  measurement— 82.55^  J 

Both  sands  were  practically  free  from  soluble  silica. 

In  order  to  test  the  influence  of  the  different  proportions 
of  the  two  sands,  a  series  of  cubes  and  brickettes  were 
made  up  and  hardened.  All  the  conditions  of  manufacture 
were  maintained  as  nearly  uniform  as  possible.  Five  per 
cent,  caustic  lime  and  five  per  cent,  of  water  above  that 
needed  for  hydration  were  used.  The  lime  used  in 
these  tests  was  steam  slaked.  The  results  here  given  are 
the  average  of  three  tests  of  each  kind: 

TABLE  I. 


Composition. 

Omshlng  Strength 
Pounds    per  sq. 
Inch. 

Tensile  Strength 

Number 

Parts  CoarBe. 

Farts  Fine. 

Pounds  per  sq. 
Inch. 

77 
79 
84 

8 

4 
8 

2 
2 
2 

8114 
2965 
2461 

181 
144 
224 
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These  results  are  very  instmctive  and  clearly  indicate 
that  mnch  more  work  might  well  be  done  along  this  line. 

It  is  evident  from  the  above  figures  that  a  decrease  in 
the  proportion  of  the  coarse  sand,  decreases  crushing 
strength,  and  that  it  increases  tensile  strength.  While  this 
is  the  case  for  the  range  of  mixtures  examined,  I  think  when 
carried  further,  limits  will  be  reached  in  both  directions,  and 
I  regret  very  much  that  we  are  unable,  at  present,  to  fix 
these  limits. 

The  blocks  for  the  preceding  test  were  made  in  the 
hand  brick  machine,  on  which  it  was  impossible  to  give 
each  block  exactly  the  same  pressure  as  the  last.  Since,  as 
we  shall  show  later,  the  pressure  in  making  has  a  decided 
influence  on  the  strength,  the  above  results  would  probablj' 
show  a  close  relation  between  the  decrease  in  crushing 
strength  and  the  increase  in  amount  of  very  fine  particles, 
if  they  had  been  made  in  a  machine  where  this  pressure  was 
under  accurate  control. 

Prom  the  foregoing  I  would  conclude  that  in  order  to  main- 
tain the  best  conditions,  and  using  a  sand  all  of  which  would  be 
retained  on  a  40  mesh  screen,  we  should  have  to  grind  one- 
fourth  of  the  sand  so  that  at  least  one-half  of  it  would  pass  a 
160  mesh  screen.  If,  however,  we  had  a  sand  with  a  good 
assortment  of  sizes  from  coarse  to  fiae,  we  ought  to  have 
sand  finer  than  150  mesh  at  least  equal  in  amount  to  the 
weight  of  lime  to  be  added . 

The  fine  sand  not  only  fills  the  spaces  between  the 
coarser  particles,  but  assists  in  the  even  distribution  of  the 
lime,  and  very  much  accelerates  the  chemical  reaction  so 
necessary  to  strength. 

OBDINABY  IMPUBITIBS. 

The  ordinary  impurities  in  sands  are  for  the  most  part 
silicates,  represented  by  clay,  mica,  feldspar,  etc. ,  and  almost 
always  some  ferric  oxide.  Mica  and  feldspar  are  frequently 
absent*  but  clay  and  oxide  of  iron  are  seldom  absent  entirely. 
While  in  the  general  run  of  cases,  feldspar  and  mica  are  not 
present  in  any  important  quantity,  there  are  regions  in 
which  the  sands  are  rich  in  one  or  the  another,  and  sometimes 
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in  both.  Oxide  of  iron,  which  is  almost  always  present  in 
greater  or  less  quantity,  reacts  with  silica  very  slowly,  if  at 
all,  in  the  presence  of  steam  under  pressure;  it  may  therefore 
be  considered  inert  except  for  its  coloring  action,  unless  it 
acts  as  a  promoter  of  chemical  combination,  as  is  the  case 
with  ferric  oxide  in  the  manufacture  of  Portland  cement. 
No  attempt  was  made  to  determine  whether  this  is  the  case 
or  not.  By  far  the  most  wide  spread  impurity  in  sand  is 
clay,  or  kaolinite.  If  there  is  any  impurity  in  sand,  clay  is 
nearly  always  there,  and  there  are  many  sands  which  carry 
considerable  quantities  of  clay.  Its  effect  on  the  sand- 
brick  process  was  therefore  studied  in  more  detail  than  that 
of  any  of  the  other  impurities. 

No  tests  were  made  with  mica,  since  it  would  seldom  be 
found  in  sufficient  quantity  in  sand  to  extend  much  of  an  in- 
fluence. Prof.  Rinni,^  of  Hanover,  commenting  on  the  ex- 
amination of  a  number  of  sections  under  the  microscope, 
says:  '^  Mica  flakes  do  not  seem  to  have  been  materially 
attacked.  Quartz  and  feldspar  do  not  show  much  if  any  dif- 
ference. *' 

TAe  Influence  of  Kaolin^  as  an  Impurity  in  Sands. 

The  action  of  kaolin  was  examined  as  representing  the 
hydrous  silicates  like  clay^  and  feldspar  as  representing  the 
more  complex  anhydrous  silicates. 

The  experimental  series  of  mixtures  designed  to  test  the 
influence  of  clay  as  an  ingredient  of  sand  are  set  forth 
in  the  following  tables  II  to  VI.  The  mixtures  were  made 
up  into  cubes  and  tensile  test  pieces  in  each  case,  in  as  uni- 
form a  method  as  possible. 

In  Tables  II  and  III,  five  per  cent,  of  the  same  lime 
was  used  in  each  case,  but  in  Table  IV,  five  per  cent,  of  a 
different  lime  was  used.  In  Tables  II  and  IV  the  ratio  of 
coarse  particles  to  fine  particles  in  the  sand  mix  was  4  to  1; 
and  in  Table  III,  3  to2.  In  Table  V  the  coarse  to  fine  was  2 
to  1,  and  ten  per  cent,  of  lime  was  used;  in  Table  VI,  2  to  1, 
and  ten  per  cent,  of  dolomite;  thus,  the  tables  are  not 
strictly  comparable  with  each  other.  However,  in  each  table, 
the  only  variable  is  the  amount  of  kaolin  which  was  used  to 

1  Thon  IndOBtrle  Zeltang,  1908,  No.  16,  p.  168. 
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replace  the  flint  or  fine  material.    Tables  V  and  VI  are  the 
averages  of  a  comparatively  large  number  of  tests. 


i 


TABLE  n. 


Data: — Molding  PreBsure— 10000  pounds  per  sqaare  inch. 
Steam  Pressure — 160  pounds  per  square  inch. 
Temperature  in  Hardening  Qylinder'185^. 
Time  Exposed  to  Steam— 10  hours. 


o 


Oompoiltion  of 
Mlxtaree. 

When  Tested. 

i 

• 

• 

PerOent. 

At  onoe  after 

After  frees- 

I! 

1 

Qa*okl*nie 

hardening 

After  ageing 

ing 

1 

9 

s 

5 

boS 

S 

MiS 

4J 

u 
S 

5 

5 

1 

a 

urnihln 
Btreng 

AM 

P 
1- 

TeniUe 
Btreng 

QM 

Tensile 
Btreng 

u 

5 


-a 

"I 


85 
86 
87 
88 


4 

1 

2.6 

.... 

6 

2766 

888 

2449 

194 

2917 

219 

4 

1 

6.0 

• .  •  • 

5 

2600 

210 

2876 

277 

2481 

181 

4 

1 

10.0 

• « •  • 

5 

1948 

184 

1687 

157 

1910 

121 

4 

1 

20.0 

•  •   . 

5 

1706 

162 

1825 

188 

1477 

98 

8.82 

8.00 
8.60 
9.00 


TABLE  III. 


88 
89 

8 
8 

2 

•  •  •  • 

•  •  •  • 

2 

•  •  • 
>  •  ■  • 

6 
6 

8697 
2260 

427 
288 

.  • . . 
1816 

.  •  ■ . 
187 

8812 
2117 

215 
166 

8.06 
10.86 

TABLE  IV. 


93 

4 

1 

2.5 

5 

•  •  •  • 

8885 

851 

8955 

864 

4502 

862 

94 

4 

1 

6.0 

6 

•  •  •  • 

3840 

295 

8342 

176 

8887 

269 

8.62 
8  60 


ABTIFIOIAL    BANDSTONB  OB  BAKD-BBICK. 

TABLE  V. 

—Molding  Preuure — 16000  poanda  per  square  inob. 
fiteBm  FreBsnre— 160  pounds  per  squ&re  Inch. 
Temperature  In  Hardening  Cylinder— 186°0. 
Time  Exposed  to  Steam— 10  hours. 


OomptnlUouof 

Wh«nTe«W<l. 

i 

* 

1 

1 

■    iPenMDt 
i    jftQ-ckline 

haMenlng 

After  KBaiDg 

i«.j_t™... 

s 

1 

2 

1 

!l 

1 

1 

is 

2 

1 

1 

7746 
5873 

487 
693 

900!       KTl 
6194      661 

Dt  2       1      10 


TABLE  VII'. 


■OondttloDS  ol  m&nuIactDre  came  u  Table  III. 

Reviewing  tbe  facts  expressed  in  tables  II,  III  and  IV, 
where  the  brick  are  made  under  a  pressure  of  10,000  pounds 
per  square  inch,  we  observe  that  with  each  addition  of  kaolin 
there  is  a  marked  decrease  in  both  tensile  and  crushing 
strength,  this  being  most  marked  in  table  III,  where  in  test 
83  the  proportion  of  flint  was  large  and  in  test  89,  where  all  of 
this  flint  was  replaced  by  kaolin.  Also  we  observe  that  the 
decrease  in  crushing  strength  is  at  least  one-third  with  the 
addition  of  20  per  cent,  of  kaolin. 

Tables  V  and  VI,  the  blocks  for  which  were  made  under 
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a  pressure  of  16,000  pounds  per  square  inch,  tell  a  difPerent 
story.  Here  again  with  the  addition  of  kaolin,  there  is  a 
marked  falling  o£F  in  crushing  strength,  accompanied  by  a 
very  decided  increase  in  tensile  strength.  The  eflFect  of  the 
pressure  used  in  molding  the  block  will  be  discussed 
under  pressing. 

Coming  back  to  tables  II  and  III.  we  observe  number 
88,  20  per  cent,  kaolin,  shows  a  very  decided  loss  in  strength 
after  the  freezing  test,  as  well  as  on  ageing  for  35  to  40  days. 
This  is  also  the  case  with  number  89,  which  is  very 
rich  in  kaolin. 

The  increase  in  strength  shown  here  as  due  to  freezing, 
will  be  discussed  in  connection  with  the  effect  of  frost  in 
general  on  all  kinds  made. 

It  was  next  thought  that  an  increase  in  lime  might 
overcome  the  ill  effects  of  a  large  amount  of  kaolin,  and  to 
test  this  number  92  was  prepared  and  made  under  the  same 
conditions  as  number  89,  except  that  20  per  cent,  of  lime 
was  added  instead  of  five  per  cent.  This  test  proved  that 
an  increase  in  lime  did  in  a  measure  counteract  the  influence 
of  high  kaolin.  In  comparing  figures  in  table  VII,  it  will 
be  noted  that  between  89  and  92  there  is  a  marked  increase 
in  strength,  the  tensile  strength  being  more  than  doubled, 
and  that  after  the  freezing  test,  number  92  shows  an  increase 
in  crushing  strength  when  number  89  shows  a  decrease. 
However,  going  farther  and  comparing  numbers  83  and  90 
in  which  there  is  no  kaolin,  and  in  which  the  lime  was  only 
increased  from  five  to  ten  per  cent.,  we  see  that  there  is  approx- 
imately as  much  increase  in  strength  for  the  addition  of  ten 
per  cent,  here,  as  there  was  with  20  per  cent,  in  the  preced- 
ing case  where  kaolin  was  a  large  part  of  the  mixture^ 
Another  very  pertinent  point  to  be  observed  is  that  the  in- 
crease in  strength  after  freezing  is  very  much  greater  in  the 
case  of  numbers  83  and  90  than  it  is  with  89  and  92. 

So  that  while  an  increase  of  lime  does  in  a  measure 
overcome  the  bad  effect  of  clay  in  large  amount,  we  are  safe 
in  saying  that  any  considerable  amount  of  clay  in  a  sand  to 
be  used  in  this  industry,  is  very  undesirable,  since  to  use 
enough  lime  to  make  it  a  safe  product,  would  make  it  too 
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expensive,  and  after  all  tbe  product  would  not  be  the  best. 

Prom  the  preceding  facts  it  would  appear  that  clay  up 
to  ten  or  twelve  per  cent,  is  probably  not  dangerous,  and 
possibly  as  small  an  amount  as  two  and  a  half  per  cent, 
might  be  desirable. 

Clay  adds  to  the  ease  in  molding.  Owing  to  its  smooth 
unctuous  nature,  it  acts  as  a  lubricant  and  decreases  the 
friction  on  the  mold. 

The  influence  of  feldspathic  nunetals  as  an  ingredient  of  sand. 

The  effect  of  feldspar  was  not  examined  in  the  same  de- 
tailed manner  that  kaolin  was,  since  it  is  not  so  common  an 
ingredient,  in  quantity.  However,  a  number  oi  blocks  com- 
posed of  sand  containing  ten  per  cent,  of  fine  feldspar  were 
made,  using  a  pressure  of  16,000  pounds  to  the  square  inch. 
The  average  result  of  all  the  tests  on  this  are  given  under  P 
in  Table  VIII.  The  tests  grouped  under  B  are  parallel 
in  every  way,  except  that  no  feldspar  was  introduced 
into  the  sand. 

TABLE  VIII. 

Data:— Molding  Pressure,  16000  pounds  per  square  inch. 
8team  Pressure,  150  pounds  per  square  inch. 
Temperature  in  Hardening  Cylinder,  186^0. 
Time  Exposed  to  Steam,  10  hours. 


Oomposltlon  of 
Mixtures. 

When  Tested. 

4i 

m 

Parts  Ooarse 
Sand. 

Parts  Fln6  Sand 
<Inclu<Kng  Im- 
purities.) 

Per  Oent. 
Feldspar. 

Per  Oent 
Qu^okPme 

At  onoe  after 
Hardening. 

After  Ageing 

After  Freez- 
ing. 

u 

5 

o 

1 

• 

1 

•  •  •  • 

•  • 

1 

i 

•-4 

0 

p 

Omshlng 
Strength. 

Tensile 
Strength. 

Orushlng 
Strength. 

Tensile 
Strength. 

Orushlng 
Strength. 

Tensile 
Strength. 

Per  Oent.  Ws 
Absorption. 

B» 

2 
2 

1 
1 

0 
10 

10 
10 

6187 
4619 

286 
889 

6868 
6116 

814 
197 

9.11 

Ft 

6.94 

*B^s  the  average  of  tests  number  112, 118, 114, 116, 116  and  U7. 
tF*s  the  average  of  tests  number  1S4, 1S6  and  IM. 

Studying  Table  VIII  we  note  a  slight  decrease  in  crush- 
ing strength,  and  an  increase  in  tensile  strength,  between  B 
and  P.  After  freezing,  P  increases  in  crushing  strength^ 
but  not  at  the  same  rate  as  B.    The  only  erratic  factor  in 
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the  series  is  the  marked  falling  off  of  the  tensile  strength 
after  freezing. 

On  the  mechanical  tests  alone  we  would  hardly  be  justi- 
fied in  excluding  a  sand  which  carried  as  much  as  ten  per 
cent,  feldspar.  However,  from  a  few  preliminary  experi- 
ments, I  know  that  both  quicklime  and  caustic  magnesia 
react  on  feldspar  to  some  extent  when  exposed  to  steam  at 
160  pounds  pressure  for  ten  hours,  and  this  reaction  can 
hardly  happen  without  the  liberation  of  potassium  or  sodium 
salts  and  since  the  solubility  of  all  the  salts  of  these  metals 
is  so  well  known,  the  danger  of  effloresence  or  scumming 
from  this  source  would  be  great,  if  any  appreciable  amount  of 
the  feldspar  were  attacked  by  the  lime.  Until  it  is  definitely 
proven  that  feldspar  in  lime-sand-brick  does  not  produce 
scumming,  I  should  be  cautious  about  using  such  a  sand, 
if  I  desired  a  first-class  product  when  working  at  high 
steam  pressure. 

If,  on  the  other  hand,  the  feldspar  molecule  opened  up, 
and  took  on  calcium-oxide  and  silicic  acid,  (Si02)  making  a 
more  complex  and  insoluble  silicate,  there  would  be  no  dan- 
ger  of  scumming,  and  we  should  have  a  stronger  brick  for 
each  unit  of  calcium-oxide  used.  The  results  tend  to  show 
that  this  complex  silicate  is  not  built  up,  since  the  brick  with 
feldspar  were  slightly  weaker,  rather  than  stronger. 

A  preliminary  experiment  made  at  150  pounds  steam 
pressure  and  ten  hours  time  showed  quartz  to  be  more 
attacked  by  lime  than  feldspar  was.  Prom  this  we  might 
infer  that  sands  rich  in  feldspar  could  safely  be  worked,  by 
keeping  the  steam  pressure  down  to  120  pounds  or  lower, 
and  by  not  allowing  the  bricks  to  remain  in  the  cylinder 
any  longer  than  necessary  to  get  enough  quartz  into  combin- 
ation to  produce  a  good  bond.  Working  in  this  way  it  is 
probable  that  not  enough  feldpars  would  be  broken  up  to 
give  any  trouble  later. 

The  infltunce  of  sofUbumt  clay  as  an  ingredient  of  sand. 

On  account  of  the  hydraulic  properties  developed  by 
mixtures  of  weakly-ignited  clays  and  caustic  lime  under  or- 
dinary atmospheric  conditions,  it  was  considered  advisable 
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to  test  their  behavior  under  high  pressure  steam.  As  can  be 
readily  seen  from  Table  IX,  nothing  would  be  gained  by  the 
use  of  dehydrated  kaolin,  since  the  blocks  made  with  fine 
sand  under  the  same  conditions  of  manufacture  developed 
double  the  strength  shown  when  dehydrated  kaolin  is  used. 

TABLE  IX. 

Data:— Molding  Pressure,  15000  poundB  per  square  inch. 
Steam  Pressure,  120  pounds  per  square  inch. 
Temperature  in  Hardening  Cylinder.— 180^0. 
Time  Exposed  to  Steam,  8  hours. 


Composition  of  Mixtures. 

Tests. 

■ 

1 

Parts  Coarse 
Band. 

Parts  Fine  Sand 
(Including  Im- 
purities.) 

Parts  Burnt 
Kaolin. 

Per  Cent.  Qulok- 
llme. 

a 

OQ 

d 

CD 

e 

to 

art 

u 

1 

B 

O 

hi 

0 

• 

i 

1 

jg 

09 

a 

A8 
I  8 
B8 
J8 

2 
2 
2 
2 

1 
1* 

10 
10 

"io* 

10 

8546 
8919 
6088 
8110 

'  49  ' 
"256" 

This  concluded  the  work  on  the  impurities  of  the  sand. 

.While  it  was  very  probable  indeed  that  sharp  sands  are 
much  to  be  preferred,  I  regret  that  we  have  no  comparative 
tests  to  show  just  how  much  difference  the  shape  of  the 
grains  will  affect  the  strength  of  the  material  produced. 

B— THE  QUIOKLIMB. 

The  work  of  Prof.  Glasenapp,  cited  by  us  in  an  article 
"The  Manufacture  of  Artificial  Sandstone",  in  Volume  IV, 
of  jthis  society's  transactions,  showed  the  necessity  of  at  least 
a  small  amount  of  very  fine  sand  in  order  that  the  chemical 
reaction  may  not  be  too  much  retarded  by  lack  of  intimate 
contact  between  sand  and  lime  particles.  This  brings  us  to 
a  consideration  of  the  lime. 

Quantify  Required, 

Naturally,  the  first  query  is  as  to  quantity.  Practice 
ranges  from  five  to  ten  per  cent.  In  order  to  determine  the 
desirability  of  using  large  or  small  amounts  of  lime,  it  was 
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necessary  to  find  out  if  the  streng^th  increased  with  an  in- 
crease of  lime,  and  if  so,  wbethei  the  increase  was  propor- 
tional to  the  increase  in  lime.     To  get  these  facts  the  follow- 
ing series  of  test  were  made,  as  shown  in  Table  X. 
TABLES. 

Data :— Molding  Pressure,  10000  poands  per  squard  inob. 
Ste&m  Pressare,  ISOpouods  per  square  inch. 
Temperature  In  Hardening  Cylinder,  ISb'^. 
Time  Exposed  to  Steam,  10  hours. 


When  Taitod. 

ft 
1 

Q 

1 

1 

S5I 

Qalokllme. 

IQB 

S 

1 
1 

li 

.4 

II 

i 

1 

If 

«fl 

8 

2 

B 

nm 

427 

.... 

8812 

8.06 

90 

8 

a 

10 

5607 

508 

5843  1    446 

7625 

417 

9.87 

97 


40 


7018 


641  7168   622  7996 


Stndying  Tables  X  and  XI,  we  see  in  Table  X,  where 
dolomite  lime  was  used,  an  increase  in  strength  with  an  in- 
crease in  lime,  and  also  that  while  the  lime  was  doubled, 
the  increase  in  strength  was  only  a  little  over  60  per  cent. 
After  freezing,  the  sample  containing  the  increased  lime  does 
show  almost  100  per  cent  increase  in  strength.  However, 
this  increase  is  probably  mainly  due  to  the  changing  of  free 
lime  into  carbonate,  by  the  carbonic  acid  in  the  water  which 
was  used  to  thaw  out  the  bricks  after  each  freezing. 

In  Table  XI,  a  high-calcium  lime  was  used,  and  ex- 
tremes of  high  and  low  lime  were  compared,  using  eight 
times  as  mnch  in  number  97  as  was  nsed  in  number  84. 
With  an  eight-fold  increase  of  lime,  only  a  three-fold  increase 
of  strength  was  produced 

We  might  then  conclude  from  the  fore2oiaR>  that  vhile 
there  is  an  increase  in  strength  with  an  increaae  in  lime,  this 


iiiCfeaBe  is  less  marked  the  higher  the  lime  becomes,  and 
that  the  strength  gained  by  the  addition  of  lime  beyond  ten 
per  cent,  wonld  not  justify  the  additional  expense.  There- 
fore, we  may   say  tiiat  present  practice  in    this  respect 

is  very  good. 

It  should  be  stated  here  that  the  percents  of  lime  given 

in  this  paper  are  all  based  on  the  raw  sand  as  unity.    That 

is,  five  per  cent,  lime  means  that  five  pounds  of  lime  was 

added  to  100  pounds  of  sand. 

Pure  vs.  DolomiHc  Limes. 

Having  decided  how  much  lime  we  should  use,  the  next 
question  which  presents  itself  is  whether  some  particular 
type  of  lime  will  serve  our  purpose  better  than  any  other? 
Will  a  hydraulic  lime  be  as  good  or  better  than  a  pure  lime  ? 
Will  lime  made  from  dolomite  be  as  good  as  oue  made  from 
a  high-calcium  limestone? 

In  view  of  the  facts  shown  in  Table  IX,  that  lime  and 
dehydrated  kaolin  do  not  develop  any  strength  under  high 
pressure  steam,  we  would  infer  that  steam  under  pressure  is 
not  conducive  to  the  development  of  the  hydraulic  proper- 
ties of  a  hydraulic  lime.  We  would  therefore  expect  that 
the  calcium-silicate  of  such  a  lime  would  be  inert  so  far  as 
developing  immediate  strength  in  a  sand-brick  is  concerned. 
This  may  be  due  to  the  dearth  of  moisture,  since  hydraulic 
lime  is  best  in  wet  places.  The  hydraulic  properties  of  a 
lime  might  develop  slowly  in  the  brick  after  manufacture, 
and  at  the  end  of  a  year  show  great  strength,  especially  if 
the  brick  were  in  contact  '^ith  water.  This  is,  however,  an 
open  question  as  yet. 

We  naturally  consider  pure  limes  the  best,  if  carefully 
burned,  since  for  each  unit  of  weight  we  have  available  a 
greater  proportion  of  the  active  substance,  namely,  the  oxides 
of  calcium  and  magnesium. 

Aside  from  the  preceding  considerations,  we  have  in 
most  States,  two  distinct  types  of  limes.  In  some  localities 
both  are  available  at  approximately  the  same  cost;  in  others 
there  would  be  a  marked  difference  in  price.  These  limes  are 
known  as  a  gray  lime,  made  from  a  limestone  carrying  from 
85  to  100  p^r  cent,  carbonate  of  calcium,  usually  with  but 
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little  carbonate  of  magnesium  present.  The  other  is  known 
as  white  lime,  and  is  made  from  dolomite  or  dolomitic  lime- 
stones and  ttsnally  carries  about  42  to  44  per  cent,  carbonate 
of  magnesia  and  56  to  58  per  cent,  carbonate  of  calcium;  that 
is  to  say,  a  molecule  of  each  carbonate  go  into  chemical 
union  with  each  other. 

To  test  the  relative  value  for  the  sand-brick  reaction  of 
these  well  marked  commercial  varieties  of  lime,  the  follow- 
ing tests  were  undertaken : 

TABLE  Xn. 

Data:— Molding  Pressure,  16000  pounds  per  square  inch. 
Steam  Pressure,  150  pounds  per  square  inch. 
Temperature  in  Hardening  Cylinder,  185^0. 
Time  Exposed  to  Steam,  4  to  14  hours. 


Oompoflltlon  of  Mixtures. 

When  Tested. 

• 

s 

S 

i 

Mi 

2 
2 

Sis 

1 

1 

P  er  Cent. 
Quicklime. 

At  once  after 
Hardening. 

After  Freezing. 

u 

5 

o 

u 

% 
1 

• 

1 

3 

I 

1 

p 

Crushing 
Strength. 

Tensile 
Strength. 

Crushing 
Strength. 

Tensile 
Strength. 

Per  Cent.  Wa 
Absorption. 

A* 
B  + 

10 

« • . « 

.... 

10 

T745 
5187 

437 

286 

9007 
5863 

871 
314 

8.b2 
9.11 

*A  Is  the  arerage  of  tests  number  100, 107, 108, 100, 110  and  ill. 
tB  Is  the  average  of  tests  number  lU,  118 114, 116, 116  and  117. 

Twelve  blocks  were  tested  in  A,  and  an  equal  number  in 
B,all  made  in  exactly  the  same  manner,  with  the  exception 
that  in  A  a  high-calcium  lime  was  used,  and  in  B,  a  white  or 
magnesian  lime  was  used. 

The  differences  shown  in  Table  XII  are  very  marked,  the 
use  of  dolomite  lime  resulting  in  a  loss  in  strength,  both 
crushing  and  tensile,  of  more  than  one-third.  Another  notice- 
able fact  is  that  the  water  absorption  is  greater  in  B  than  in  A. 
Why  the  dolomite  limes  give  a  weaker  brick  is  still  an  un- 
solved problem.  Since  MgO  is  at  least  equally  active  as 
CaO  in  attacking  Si02»  we  can  only  infer  that  the  magnesium 
silicate  formed  is  a  much  weaker  bond  than  the  calcium  sil- 
icate. This  is  also  supported  by  the  fact  that  there  is  also 
more  combined  water  in  brick  made  from  sand  and  dolomite 
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lime  than  there  is  in  those  made  from  sand  and  pure  lime. 

O— PBBPABATION  OF  BAW  MATEBIAIiS. 

Now  that  we  have  a  general  idea  of  the  requisites  for 
satisfactory  raw  materials,  the  next  step  will  be  to  determine 
what  preparation  they  will  need. 

Beginning  again  with  the  sand,  if  our  source  of  supply 
is  a  soft  sand-rock,  it  will  need  to  be  crushed  and  the  individ- 
ual sand  particles  separated  from  each  other.  The  machin- 
ery best  adapted  to  this  purpose  will  depend,  to  some  extent, 
upon  the  nature  of  the  rock  to  be  crushed.  If  we  have  to 
deal  with  a  sand  obtained  by  dredging,  it  will  usually  be 
quite  wet  and  must  be  at  least  partially  dried,  since  a  large 
amount  of  water  is  undesirable  in  the  mixture.  The  degree 
of  drying  necessary  will  be  dependent  on   the  subsequent 

treatment  prior  to  pressing. 

On  account  of  the  presence  of  too  much  clay,  or  of  solu- 
ble salts  from  sea  water,  as  would  probably  be  the  case 
with  sea-shore  sand,  it  will  be  necessary  to  roughly  wash 
the  sand.  In  the  first  case  the  clay  is  floated  off,  and  in  the 
second  case  the  salts  are  again  taken  into  solution  and  in 
that  way  removed.  The  arrangements  for  accomplishing 
this  will  depend  almost  entirely  on  local  conditions. 

In  any  case,  if  the  sand  does  not  contain  some  very  fine 
quartz,  it  will  be  necessary  to  pulverize  a  small  portion  of  it. 
For  this  purpose  a  tube  or  ball  mill  can  be  used  since  they 
produce  the  greatest  fineness.  The  Griffin  mill  will  proba- 
bly be  found  to  be  the  one  most  satisfactory  for  this  purpose. 
However,  it  will  not  be  necessary  to  resort  to  any  of  this 
preliminary  fine  grinding  in  many  cases. 

In  foreign  countries  it  has  been  claimed  by  a  few,  to  be 
advantageous  to  roast  the  sand.  The  advocates  of  this  pro- 
cedure claim  that  chemical  combination  is  rendered  more 
rapid  and  complete  by  giving  the  sand  a  preliminary  roast- 
ing. I  doubt  if  the  activity  of  the  sand  is  increased  suf- 
ficiently to  justify  this  additional  expense.  The  exact  value 
of  roasting  the  sand  remains  yet  to  be  determined. 

Assuming  that  we  have  a  comparatively  pure  lime,  pre- 
ferably a  high  calcium  lime,  properly  burned,  it  must  be 
hydrated,  or  in  popular  terms,  it  must  be  "slaked''  either  be- 
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fore  adding  the  sand,  or  in  connection  with  its  incorporation 
into  the  sand.  Owing  to  the  slow  slaking  properties  of 
magnesian  limes,  they  conld  not  be  safely  nsed  nnless  they 
had  been  completely  slaked  prior  to  the  addition  of  the  sand. 
In  the  slaking  of  the  lime,  and  in  its  incorporation  into  the 
sand-mix,  lies  the  main  difference  between  the  various  pat- 
ented processes  or  systems  in  nse.  The  essential  feature  of 
each  system  is  generally  the  nse  of  some  special  piece  of 
machinery,  or  some  special  manipulation,  for  this  purpose. 

The  slaking  of  lime  is  in  one  sense  a  very  simple  pro- 
cess, consisting  in  the  addition  of  water  to  calcium  oxide,  or 
calcium  and  magnesium  oxides,  which  takes  the  water  into 
combination  with  it  in  certain  proportions.  One  would 
hardly  suppose  that  so  simple  and  well  known  an  operation 
should  form  the  ground  for  the  issuance  of  a  large  number  of 
patents.  Such  is  the  case,  however,  both  in  this  and  in  for- 
eign countries.  This  is  probably  due  to  the  fact  that  a 
chemical  reaction  is  involved,  and  in  many  cases  a  reaction 
will  not  complete  itself  except  under  certain  conditions. 
This  is  in  a  large  measure  true  with  the  slaking  of  lime. 
Too  much  or  too  little  water  will  yield  an  inferior  product. 

Most  of  the  patents,  however,  are  for  methods  or 
machines  which  utilize  the  heat  generated  in  hydration,  to 
dry  out  any  excess  of  moisture  and  leave  a  product  which 
is  easily  handled  and  stored  without  loss  to  its  chem- 
ical activity. 

While  there  are  a  large  number  of  lime-slaking  pro- 
cesses, which  differ  from  each  other  in  detail  of  manipulation^ 
there  are  in  reality  only  two  distinct  procedures;  viz., 

1.  The  time  honored  method  of  slaking  to  a  putty  with 
a  slight  excess  of  water.  This  is  used  in  the  putty  state^  or 
after  drying  and  grinding. 

2.  The  other  which  slakes  to  a  dry  powder. 

This  is  accomplished  by  adding  such  a  quantity  of  water 
as  will  hydrate  the  lime  but  not  so  much  as  will  leave  the 
hydroxide  wet.  The  excess  must  be  so  small  that  the  heat 
generated  by  the  hydrating  of  the  oxides  will  expell  it  The 
resultant  product  usually  contains  less  water  than  that  called 
for  by  the  theoretical  calcium  hydroxide,  yet  there  seems  to 
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be  no  heating  nor  expansion  on  the  subsequent  addition  of 
water  for  the  purpose  of  using  it  in  the  arts  or  industries. 

The  method  of  preparing  the  lime  will,  in  the  nature  oif 
the  case,  govern  the  subsequent  handling  of  the  sand  to  a 
considerable  degree,  since  in  one  case  we  have  to  deal  with  a 
plastic^  tough,  sticky  mass,  and  in  the  other  with  a  dry  pow- 
der. However,  the  method  of  slaking  should  depend  upon 
existing  conditions,  and  that  method  selected  which  will 
best  fit  other  parts  of  the  process  which  have  been  decided 
npon  for  good  reasons.  In  order  to  make  the  meaning  clear 
a  specific  case  or  two  will  be  cited. 

Case  I.  Wet  Sand.  If  it  was  quite  wet,  we  would  dry 
some  of  it  and  add  the  unslaked  lime  to  the  balance,  pro- 
vided we  had  a  high-calcium  lime  to  work  with.  The  moist- 
ure  would  then  be  corrected  by  adding  dry  sand  and  lime, 
or  water,  as  the  case  might  require. 

Case  2.  Moist  Sand.  Slake  lime  to  a  putty  and  incor* 
porate.  This  has  its  drawbacks  on  account  of  the  extreme 
difficulty  of  getting  a  small  amount  of  tough  sticky  matter 
distributed  evenly  through  a  mass  of  crystals  of  quartz.  I 
think  it  has  one  advantage,  though  I  am  not  yet  able  to 
prove  it,  viz,  that  it  will  probably  require  less  pressure  in 
the  machine  to  develop  the  maximum  strength  in  the  pro- 
duct, than  is  required  where  the  material  is  mixed  dry.  I 
am  inclined  to  believe  the  increased  cost  of  mixing  would 
more  than  cover  the  expense  of  drying  the  sand.  If  the  lime 
is  to  be  used  in  the  putty  state,  it  will  always  be  found  ad- 
vantageous  to  work  up  the  putty  with  all  the  water  that  is 
to  be  added  to  the  mixture,  thus  getting  it  in  a  slurry  or  slip 
form,  and  in  that  way  to  facilitate  distribution.  But  if  there 
is  much  water  in  the  sand,  the  amount  left  to  be  added  to  the 
lime  is  so  small  that  it  is  of  very  little  assistance. 

Case  3.  Dry  Sand.  This  is  the  easiest  to  work,  since 
the  dry  sand  and  dry  hydrate,  or  the  dry  ground  quick  lime, 
can  be  readily  mixed  to  a  fairly  homogeneous  mass  and  the 
water  then  added  and  mixed  in.  The  water  will  distribute 
itself  to  a  considerable  extent,  if  after  the  mixing  the  whole 
is  allowed  to  stand  in  a  bin  or  pile  for  a  short  time. 

The  facility  with  which  a  uniform  mixture  would  be 
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produced  from  the  dry  ingredients  led  ns  to  adopt  the  third 
way  as  the  means  of  preparation  for  all  the  materials  used 
in  our  experimental  work. 

II — BEHAVIOR  OF  THE  MIXTURE  IN  THE  PRESS. 

In  the  work  done  to  determine  what  requirements  a 
good  brick  press  for  this  industry  would  have  to  fulfill, 
material  prepared  according  to  the  third  method,  was  used. 
The  results  obtained  will  therefore  apply  in  the  strictest  sense 
only  to  that  class  of  material.  However,  it  is  the  opinion  of 
the  writer  that  any  press  which  is  satisfactory  for  this  plan, 
will  answer  all  the  requirements  for  any  of  the  others.  It 
is  the  popular  belief  that  the  harder  a  brick  is  squeezed  the 
harder  it  would  be.  But  there  is  a  limit  at  which  the  in- 
crease in  strength  in  the  brick  would  not  justify  the  addi- 
tional cost  of  construction  and  operation  of  the  machine. 
In  order  to  get  some  idea  of  this  property  of  our  material,  we 
tried  making  a  block  on  a  hand  power  screw-press  such  as 
is  used  for  making  encaustic  tiles,  by  giving  it  a  number  of 
pressures  in  succession.  This  block,  after  hardening,  was 
crushed  and  compared  with  a  duplicate  made  with  one  pres- 
sure only.  This  we  found  gave  us  a  very  decided  increase  in  ^ 
strength.  This  showed  that  we  were  not  getting  sufficient 
pressure,  and  since  we  were  not  able  to  control  our  pressure 
accurately,  we  abandoned  the  screw-press  and  adopted  in  its 
place  an  ideal  brick  press.  This  was  a  Tinius  Olsen  auto- 
matic testing  machine,  of  100,000  pounds  capacity.  On 
this  machine  we  had  the  conditions  of  pressure,  speed  etc. 
under  accurate  measurement  and  control. 

Prom  the  moment  of  inertia  of  the  fly  wheel,  and  the 
pitch  of  the  screw  on  our  hand  tile-press,  we  figured  roughly 
that  we  were  getting  from  5000  to  7000  pounds  per  square 
inch  pressure.  We  therefore  took  6000  pounds  per  square 
inch  as  a  starting  point,  and  made  a  series  of  blocks,  using 
6  per  cent  of  each  type  of  lime  and  the  same  sand  mixtures, 
using  pressures  of  6,000,  10,000, 15,000  and  20,000  pounds  to 
the  square  inch.     All  were  hardened,  at  150  pound  steam  /  < 

pressure  for  ten  hours. 

The  results  of  this  work  are  plotted  on  Plate  I.    The 
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load  at  whick  the  tcat^Mocks  cfusliad  ia  shown  on  the  ordin- 
ates  and  the  pressure  used  in  manufacturing  on  the  ab- 
scissae. All  represented  in  pounds  per  square  inch.  The 
two  lower  curves  are  the^nes  that  illustrate  this  group.  In 
both  caseSi  the  highest  crushing  strength  is  obtained  at  a 
die-pressure  of  about  15,000  pounds  per  square  inch,  with  a 
slight  falling  off  at  20,000  pounds. 

Realizing  the  importance  of  this  determination,  it  was 
though  best  to  duplicate  it,  especially  as  the  intervals  were 
5,000  pounds  to  the  square  inch.  Although  the  curves 
seemed  regular  and  pointed  closely  to  15,000  pounds  as  the 
maximum,  it  was  thought  that  the  correct  pressure  might 
be  on  one  side  or  the  other  of  that  figure.  A  new  set  of 
test  blocks  were  therefore  prepared  dividing  the  intervals. 
It  was  evident  from  the  first  curves  that  it  was  not  neces- 
sary to  go  below  10,000  pounds  to  the  square  inch. 

This  set,  as  shown  in  the  upper  curves  of  plate  I,  began 
at  10,000  pounds  die  pressure,  and  increased  by  intervals  of 
2,500  pounds  up  to  20,000  per  square  inch.  Ten  per  cent  of  a 
high-calcium  lime  was  used  in  one  set,  and  10  per  cent,  mag- 
nesian  lime  in  the  other.  The  upper  curve  is  the  high-calcium 
lime  and  the  second  curve  the  magnesian  lime.  Duplicate 
cubes  of  each  kind  were  made  at  each  pressure. 

Here  again  in  the  upper  curve  the  highest  point  is  over 
16,000  pounds  pressure.  The  figures  are  just  a  little  lower 
for  20,000  pounds,  and  a  marked  depression  occurs  at  17,500 
pounds.  The  second  curve  is  a  very  irregular  one,  with  10,- 
000  and  15,000  on  a  straight  line,  and  20,000  a  trifle  stronger, 
with  depressions  at  12,500  and  at  17,500.  Making  a  smooth 
curve,  as  indicated  in  both  by  a  dotted  line,  taking  15,000 
pounds  as  a  high  point,  and  averaging  through,  we  get 
curves  almost  parallel  with  the  two  lower  curves. 

I  should  like  very  much  to  see  a  more  extensive  test 
made  on  this  point,  reducing  the  intervals  of  pressure  to 
1000  pounds  per  square  inch,  or  less.  However,  I  think 
we  have  sufficient  evidence  before  us  to  say  that  the  best 
pressure  is  close  to  15,000  pounds  to  the  square  inch.  It 
required  about  75  pounds  per  square  inch  of  surface  exposed 
to  the  sides  of  the  molds,  to  start  a  brick  out  of  the  mold. 
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when  a  pttasnsc  of  16,000  potuids  per  aquare  indi  kad  been 
given.  The  mold  was  made  of  cast-iron  only.  The  press- 
ure reqnired  to  discharge  the  brick  will  be  much  less  when 
the  linings  to  the  molds  are  made  of  hardened  steel. 
This  reduction  in  the  friction  will  also  slightly  lower  the 
pressure  necessary  in  pressing.  When  lower  pressures  are 
used,  the  upper  and  lower  portions  of  the  brick  are  denser 
than  the  center.  This  difference  is  sufficient  to  be  readily 
observed  when  using  soft  molds. 

There  is  a  good  suggestion  in  this  work  for  the  dry- 
press  brick-machine  manufacturers.  I  should  like  to  see 
some  of  them  take  up  this  point  with  reference  to  dry-press 
clay  products. 

The  next  consideration  was  the  behavior  of  the  loose 
powder  of  the  mold.  The  same  mixtures  were  used  as  in 
the  proceding  case,  namely  2  parts  of  coarse  and  1  part  of 
fine  sand,  with  10  per  cent  high-calcium  lime  added  in  one 
case  and  10  per  cent,  dolomitic  lime  in  the  other. 

The  curves  in  Plates  II  and  III  show  the  facts  as  taken 
from  the  Olsen  autographic  plate.  Measurements  were  also 
made  of  total  compressions,  and  length  after  pressure  was  re- 
moved. These  were  almost  identical  with  that  shown  in 
the  curves  in  both  cases  at  the  various  pressurest»  6,000, 
10,000, 16,000  and  20,000  pounds.  The  elasticity  or  expan- 
sion shown  was  greatest  at  16,000  and  17,600  pounds,  and  least 
at  20,000  pounds.  The  difference  was  only  from  0.01  to 
0.02  of  an  inch^ 

The  curves  cannot  show  the  recoil  at  any  pressure, 
except  the  maximum,  but  do  show  the  rate  of  compression 
for  any  pressure.  The  longest  curve  on  upper  plate  was 
evidently  due  to  not  getting  quite  so  much  material  in  the 
mold,  since  it  compressed  beyond  the  point  it  should  have 
done,  giving  a  curve  parallel  to  its  duplicate.  Prom  the 
curves  in  Plate  II,  high  calcium  lime  and  Plate  III,  magne- 
sian  lime,  it  is  evident  the  behavior  is  almost  identical  in 
both  cases.  Compression  to  61.3  per  cent,  is  accomplished 
with  practically  no  load,  and  from  that  point  the  load  in- 
creases very  rapidly  with  each  shortening  of  the  block. 
The  compression  is  less  than    0.01  of  an  inch  per   inch 
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of  length  for  an  increase  of  10,000  pounds,  or  from 
5,000  to  15,000.  The  total  compression  was  40. 9  per  cent  at 
20,000  pounds,  springing  back  to  42.9  per  cent  as  final  size. 
For  different  mixtures  of  sand,  the  compression  will 
undoubtedly  be  somewhat  difierent,  but  will  probably  follow 
nearly  the  same  curve,  taking  the  load  very  rapidly  after  a 
pressure  of  2,500  to  3,000  pounds  is  reached. 

Ill — HARDENING. 

In  this  connection  I  wish  to  urge  on  all  prospective 
builders  of  plants,  the  necessity  of  careful  and  safe  con- 
struction of  the  device  for  holding  the  head  on  the  harden- 
ing kettle.  Where  accidents  have  occurred,  it  has  usually 
been  due  to  some  defect  at  this  point.  The  manner  of 
fastening  the  bolts  to  the  boiler  should  be  carefully  looked 
into,  and  no  chances  taken,  since  loss  of  life  and  destruct- 
ion of  property  is  sure  to  follow  any  carelessness  in  this 
direction. 

It  was  known  that  good  strong  brick  could  be  made  in 
ten  hours  steam  at  150  pounds  pressure.  It  was  not 
known  how  much  less  steam  pressure  would  do,  nor 
was  the  influence  of  the  time  factor  l^own,  and 
whether  an  extension  of  time  would  enable  a  material  lower- 
ing of  the  steam  pressure  needed.  To  get  data  on  these 
various  points,  the  following  tests  were  made  as  shown  in 
table  XIII.  The  pressures  used  in  making  the  blocks  were 
15,000  pounds  per  square  inch  throughout. 

(See  Page  192.) 

This  table  shows  that  4  hours  time  at  150  pounds  steam 
pressure  is  sufficient;  that  6  to  8  hours  are  required  at  120 
pounds;  that  8  to  12  hours  are  required  at  100  pounds.  The 
samples  which  contained  10  per  cent  of  feldspar  showed 
marked  increase  in  strength  in  each  case  where  the  time 
was  longest.  I  note  this  fact,  since  it  suggests  that  long  ex- 
posure to  steam  probably  finally  breaks  up  the  feldspar,  and 
in  case  it  did  so,  might  produce  effloresence.  Knowing  this 
fact,  it  would  probably  be  desirable  not  to  hold  material  con- 
taining much  feldspar  in  the  kettle  any  longer  than  necessary. 

I  should  say  general  practice  is  to  use  120  pounds  steam 
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pressure,  and  keep  it  on  8  to  10  hours,  and  in  my  opinion 
that  is  good  practice.  It  usually  takes  about  one  hour  to 
get  the  pressure  up,  and  another  to  blow  oflf  and  cool  down 
sufficiently  to  be  handled.  The  time  required  to  raise  the 
temperature  will  depend  of  course  on  the  steam  produc- 
ing capacity,  and  the  size  of  the  inlet  pipe,  and  the 
blowing  off  time  depends  on  the  size  of  the  outlet  pipe,  etc. 
If  the  pipes  are  large  enough  and  the  boiler  capacity  is 
available,  the  temperature  can  safely  be  brought  up  very 
rapidly.  I  have  put  green  brick  in  at  a  temperature  of  130^ 
C,  and  in  about  five  minutes  put  on  the  steam,  bringing  it 
up  to  150  pounds  pressure  in  ten  minutes  more  without  any 
apparent  injury  to  the  brick.  The  brick  on  which  I  was 
working  only  carried  5  per  cent  moisture,  however,  and 
were  small,  viz  2  inch  cubes. 
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rv— TBSTING. 
By  Chetmcal  Methods. 

The  testing  was  in  the  main  mechanical.  However, 
tb^  soluble  silicic  acid  was  determined  in  a  number  of  cases, 
and  enough  restilts  were  obtained  to  show  how  much  de- 
peudance  could  be  placed  in  this  determination  as  an  indi- 
cation of  strength.  It  is  merely  a  measure  of  the  amount  of 
bonding  material. 

By  Mechanical  Methods. 

The  mechanical  test  is  always  best,  whenever  it  is  feasi- 
ble to  make  it.  The  results  appeal  more  strongly  to  the 
public,  even  if  the  other  were  equally  accurate,  which  is 
probably  not  the  case,  since  the  physical  structure  of  the 
mixture  has  a  decided  influence  on  the  strength,  regardless 
of  the  amount  of  bonding  material. 

An  autographic  automatic  Tinius  Olsen  testing  ma- 
chine, driven  by  power,  was  used  for  all  tests.  The  auto- 
graph was  only  used  oh  types  of  material,  since  more  satis- 
factory and  rapid  work  could  be  done  without  the  autograph 
attachment  on  the  machine.  A  ball  and  socket  was  used,  as 
well  as  pasteboard  to  take  up  any  uneveness  of  the  block, 
on  all  except  those  on  which  curves  were  taken. 

The  crushing  and  tensile  strength  were  determined  in 
each  test.  Two  to  three  blocks  were  crushed  in  most  cases 
and  the  average  reported.  For  the  tensile  strength,  when 
two  were  pulled  the  average  is  given.  Every  brick  made 
was  tested,  so  that  the  results  represent  all  the  data  ob- 
tained, not  merely  the  best  that  it  was  possible  to  pick  out 
on  a  single  piece  out  of  a  dozen.  Plate  V  shows  a  number 
of  sand-brick  cubes  as  they  appear  after  crushing.  The 
sharp  angular  cones  and  the  splintery  fracture  show  clearly 
that  the  material  crushes  exactly  as  a  hard  rock  does.  For 
comparison,  a  row  of  cubes  made  from  lime  mortars,  which 
have  been  allowed  to  set  and  dry,  are  shown.  The  rounded 
outlines  and  low  cones  show  beautifully  the  wide  difference 
in  structure  and  strength,  though  both  sets  of  cubes  are 
made  of  lime  and  sand. 

A  few  of  the  brick  made  were  set  away  in  a  dry  room, 
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to  try  the  effect  of  age  upon  them.  These  were  duplicates 
of  brick  which  had  been  tested,  so  that  by  comparison  we 
could  find  out  if  there  was  any  material  change.  There  was 
not  any  marked  change  in  strength,  after  forty  days  expos- 
ure to  dry  air,  except  in  the  specimen  carrying  20  per  cent 
kaolin.  This  showed  considerable  weakness.  However, 
had  these  brick  been  moistened  from  time  to  time,  they 
would  have  shown  increased  strength.  This  is  due  to  the 
fact  that  CO2  acts  very  slowly,  if  at  all,  on  dry  Ca(OH)2. 
We  should  not  place  any  importance  on  the  above  test  un- 
less it  were  carried  out  through  several  years,  at  least. 

Resistance  to  Frost. 

This  test  was  made  very  severe.  Duplicates  of  blocks 
which  had  been  tested  were  used.  These  duplicates  were 
made  at  the  same  time  as  the  brick  which  were  considered 
the  standard,  to  enable  us  to  see  if  weakness  developed. 
About  two  weeks  elapsed  after  hardening,  before  they  were 
frozen. 

The  test  was  carried  out  in  the  following  manner: — 
The  lot  of  blocks  to  be  tested  were  weighed;  then  dried  at 
llO^C;  weighed  again;  then  soaked  for  48  hours  in  water; 
then  weighed;  and  the  water  absorbed  figured  as  per  cent  of 
the  dry  weight.  They  were  then  placed,  while  still  satu- 
rated with  water,  in  a  rack  composed  of  wire  netting  and 
lowered  into  an  empty  ice-can,  which  was  immersed  almost 
its  entire  depth  in  the  freezing  brine  at  an  ice  plant. 
The  temperature  of  the  brine  ranged  from  12°  to  15^ 
F.     The  bricks  were  frozen  to  the  centre  in  less  than  four 

m 

hours,  but  were  never  taken  out  under  that  time.  In  this 
fully-frozen  condition,  they  were  lifted  out,  rack  and  all,  and 
dropped  at  once  into  another  can  containing  water  at  a 
temperature  of  95°  to  105°F,  and  thawed  out  entirely.  The 
interval  needed  was  less  than  two  hours,  but  that  time  was 
always  allowed.  From  here  they  were  lifted  dripping  wet 
and  dropped  at  once  into  the  freezing  temperature.  This 
was  repeated  21  times  on  all  blocks  tested. 

As  an  experiment  three  cubes  were  put  into  the  distilled 
water,  which  was  then   frozen  solid.     The  ice  was  then 
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thawed  and  refrozen  several  times.  The  cubes  showed  no 
signs  of  breaking  down.    These  were  not  tested. 

The  material  after  this  severe  treatment  was  further 
abused)  by  being  dried  out  in  a  few  days  at  a  temperature  of 
126^C,  after  which  it  was  tested.  Many  results  have  been 
given  in  the  preceding  tables  in  such  a  way  as  to  be  com- 
parable with  unfrozen  material,  and  the  facts  have  been,  in 
a  measure,  brought  out  prior  to  this  statement. 

The  blocks,  almost  without  exception,  as  may  be  seen 
by  going  over  the  tables,  showed  marked  increase  in  crush- 
ing strength,  and  in  some  cases  increase  in  tensile  strength 
as  well.  Usually  the  tensile  strength  was  slightly  less,  if 
any  material  change  had  taken  place.  However,  duplicates 
on  the  frozen  material  were  not  available  in  every  case,  and 
the  results  are  not  so  conclusive  on  this  account. 

The  reason  of  this  increase  of  strength  must  be  due  to 
one  of  two  causes : 

1.  The  lime  was  not  all  combined  with  silica,  and  this 
uncombined  lime  took  up  carbonic  acid  from  the  water  in 
which  they  were  thawed  out.  This  is  very  likely  for  two 
reasons.  First,  the  water  was  drawn  from  a  deep  well  near 
Columbus,  Ohio,  and  I  know  from  previous  experience  that 

« 

these  waters  are  rich  with  calcium  and  magnesium  salts  and 
also  carry  much  carbonic  acid  in  solution.  Second,  those 
specimens  which  were  highest  in  lime  showed  greatest  in- 
crease in  strength  after  freezing. 

2.  In  case  the  calcium  hydro-silicate  formed  has 
hydraulic  properties,  which  I  doubt,  those  properties  would 
be  developed  by  constant  soaking  in  water  and  would  natur- 
ally develop  more  strength.  I  think,  however,  if  the 
strengthening  action  were  of  a  hydraulic  nature,  it  would  be 
most  marked  on  the  tensile  strength  rather  than  the  reverse. 

Resistance  to  Fire, 

In  order  to  determine  the  properties  of  sand-brick  under 
fire,  the  following  experiment  was  carried  out. 

Five  blocks,  representing  five  different  sand-brick  com- 
positions were  placed  in  a  muffle  kiln  and  the  temperature 
brought  up  rapidly  until  Seger  cone  6  was  down.     This  cor- 
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responds  roughly  to  1250^C  or  2282^.  Bight  or  ten  hours 
was  required  to  get  this  temperature.  The  blocks  were  taken 
out  while  still  warm.  All  the  blocks  were  perfect  The  only 
change  observable  was  that  they  were  whiter,  and  had  taken 
on  a  semi-vitreous  lustre.  There  was  neither  fire-shrinkage 
or  expansion.    The  blocks  when  cool  were  exactly  the  same  | 

size  as  when  put  in.  Ten  per  cent  of  lime  was  used  in  each 
case,  and  both  high-calcium  and  magnesian  limes  were  rep- 
resented, as  well  as  ten  per  cent  kaolin  and  ten  per  cent 
feldspar  mixtures. 

Not  satisfied  with  this,  the  muffle  was  brought  to  a 
white  heat,  and  five  more  blocks  representing  the  five  mix-  : 

tures  were  put  in  on  top  of  the  muffle,  and  the  heat  contin- 
ued to  cone  6  or  8.  These  samples  had  but  6  per  cent  of 
lime  in  them.  Before  the  opening  to  the  kiln  was  entirely 
closed,  all  the  blocks  which  had  either  clay  or  feldspar  in 
them  exploded.  Those  composed  of  pure  quartz-sand  and 
pure  or  magnesian  lime,  stood  the  test  all  right.  They 
again  showed  the  only  change  in  greater  whiteness  and 
more  porosity  due  to  loss  of  combined  water.  They  were  not 
so  hard  as  the  first  set,  since  with  only  6  per  cent  lime  the 
point  at  which  the  amorphous  silicate  would  form  was  not 
reached.  This  shows  clearly  that  brick  made  from  compar- 
atively pure  quartz  sands  will  stand  a  very  high  heat  with- 
out injury,  since  even  if  the  small  amount  of  calcium  sili- 
cate present  were  made  fluid  by  heat,  there  would  be  no 
deformation,  unless  there  was  great  pressure  on  them.  The 
mass  of  sand  particles  built  up  and  wedged  in  place  would 
not  require  much  to  hold  them  in  relatively  the  same 
position. 

Nothing  was  done  to  determine  the  expansion  while 
hot,  but  with  low  lime  content  it  would  not  be  far  from  that 
of  pure  quartz,  and  about  the  same  as  silica  brick.  Dr.  £. 
Cramer  states  that  a  sand  brick  tested,  the  composition  of 
which  is  not  given,  melted  to  a  white  glassy  mass  at  Seger 
Cone]33,  and  that  in  a  porcelain  kiln,  another  specimen  gave 
a  linear  expansion  at  cone  17  of  2.08  per  cent.  Further 
heating  at  same  temperature  gave  an  expansion  of  2. 72  per 
cent. 


ABTIFICIAIi  8AND8TONE    OB  BAND-BRIOK.  197 

The  figures  quoted  above  were  giveu  iu  the  last  Cou- 
vention  of  the  Lime,  Sand  Brick  Society,  at  Berlin, 
Germany.  * 

Since  these  brick  are  90  to  96  per  cent  silica  or  quartz, 
the  heat  conductivity  must  be  very  low,  since  quartz  it  is  a 
much  poorer  conductor  of  heat  than  glass.  Flint  glass  has 
a  coefficient  of  heat  conductivity  0. 143  while  that  of  quartz 
sand  is  only  0.0131. 

Electrical  Resistance. 

For  electrical  resistance,  8  plates  were  tested.  They 
were  made  4x4xi  inches  with  a  half  spherical  indentation 
in  the  center  leaving  a  thickness  approximately  one-fourth 
inch  in  the  center,  where  the  electric  terminals  were  applied. 
The  rupture  invariably  occurred  from  %  to  -}^  oi  an  inch 
from  a  line  joining  the  two  terminals  of  the  instrument, 
showing  that  the  current  arced  through  the  hydrous  silicate 
bond,  as  would  be  expected.  The  voltage  required  to  punc- 
ture the  one-fourth  inch  thickness  varied  from  16,000  to 
20,000  volts. 

Comparative  Properties  with  Other  Materials, 

With  comparatively  pure  sands,  the  brick  are  white  to 
grayish,  depending  on  the  sand.  Small  amounts  of  oxide 
of  iron  do  not  materially  afiect  the  color.  The  bricks 
may  be  colored  red,  black,  yellow,  brown  or  green,  and 
these  colors  are  not  or  subject  to  wide  variations,  i.  e. 
by  duplicating  the  mixtures,  the  resultant  colors  will  be 
duplicated.  In  ordinary  manufacture,  there  is  great  uni- 
formity in  color. 

The  brick  are  very  slightly  hygroscopic.  The  average 
of  20  determinations  show  that  about  \\  per  cent  of  water 
is  retained  in  the  normal  air-dried  sand-brick.  The  hygro- 
scopic property  is  strongest  when  clay  is  present. 

The  water  absorption  is  almost  complete  in  24  hours; 
in  48  hours  the  brick  made  by  us  took  up  from  8  to  10  per 
cent  of  water,  calculated  on  the  dry  weight  of  the  brick. 
The  majority  of  the  results  were  close  to  8  per  cent,  as  may 
be  seen  in  the  tables  previously  given. 

*Thon-Indastrl«  Zeltong,  No.  81,  1908. 
18  Cer. 
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The  following  table  gives  a  comparison  of  strengths 
shown  by  sandstone  used  for  construction,  and  of  sand  brick. 

TABLE  XIV. 


Natural 
Sandstone. 

Sand-Briok. 

WAiflrht  ner  oiibio  foot •... 

187  lbs' 

7.8#« 

6586158' 

165i40« 

186  lbs 

Abflorotion 

8« 
7746  Iba* 

CriiAhinff  Btrenirth 

Coefficient  of  £3a8ticitY 

600000* 

1.  Average  of  16  samples,  BoUetlD  Wis.  Survey,  No.  IV,  p.  402. 

2.  Average  of  16  samples,  Bulletin  Wis.  Survey,  No.  IV,  p.  408. 

8.  Average  of  51  samples.  Bulletin  Wis.  Survey,  Na  IV,  pp.  888-394 

4.  Average  of  2B  samples,  Bulletin  Wis.  Survey,  No.  IV,  p.  899. 

5.  Average  of  12  samples  tested  by  us. 

6.  Calculated  from  Curve  No.  Ill  on  Plate  IV. 

As  you  will  note,  the  weight  and  absorption  are  very 
close.  The  crushing  strength  is  in  favor  of  sand  brick  as  well 
as  the  elasticity.  While  the  average  strength  of  a  large 
number  of  sandstones  is  less  than  that  of  sand  brick,  there 
are  some  sandstones  of  great  strength,  as  is  shown  from  the 
following  record  taken  from  ^'Brown-stones  of  Pennsylvania." 
A  stone  from  White  Haven,  Pa.,  Appendix,  30,  gave  a 
crushing  strength  of  29, 252  pounds  per  square  inch. 

The  coefficient  or  rather  modulus  of  elasticity  is  an  ar- 
bitrary figure  supposed  to  represent  the  theoretical  load  at 
which  an  inch  cube  would  be  pressed  to  zero  length,  if  the 
block  were  perfectly  elastic  to  that  point.  This  figure  is 
obtained  from  the  amount  or  rate  of  compression,  or  shrink- 
age in  length  with  increment  of  load,  up  to  the  commercial 
elastic  limit,  and  the  load  at  the  elastic  limit. 

The  commercial  elastic  limit  is  that  point  at  which  the 
compression  curve  increases  by  50  per  cent  or  more.  An 
example  will  make  this  more  clear.  We  will  assume  that 
with  a  load  of  5000  pounds  on  a  one  inch  cube,  the  shrink- 
age in  length  would  be  0.01  inch ;  that  is  0.002  inch  for  each 
1000  pounds  of  load.  Now,  if  when  another  1000  pounds  is 
added  to  the  5000  already  on,  the  total  additional  shrinkage 
is  0.002  and  0.001  inches,  or  0.003  inches,  the  commercial 
elastic  limit  would  be  5000  pounds  per  square  inch.    The 


ABTIFIOIAL  SANDSTONE    OB    SAND-BBIOK.  199 

high  modultis  of  elasticity  shown  by  sand  brick  means,  of 
course^  that  they  will  make  a  very  rigid  structure. 

This  property  of  sand  brick  is  perhaps  made  more 
clear  by  the  statement  that  a  sand  brick  cube  with  a  load  of 
1000  pounds  per  square  inch,  only  shrinks  0.00126  inch  in 
length.  Now  since  only  260  pounds  per  square  inch  is 
allowed  to  be  placed  on  the  best  Portland  cement  mortar  by 
municipalities^  the  greatest  load  that  we  could  ask  the  brick 
to  carry  would  only  cause  a  compression  of  one  forth  that 
given,  or  0.00041  inch  per  inch  of  height.  This  means  that 
in  any  building,  bridge  or  other  structure  which  is  called 
upon  to  carry  a  varying  load,  there  will  be  little  or  no  de- 
formation due  to  this  load.  In  other  words  very  rigid 
structures  may  be  made  from  this  material. 

The  highest  modulus  of  elasticity  quoted  in  bulletin 
of  Wisconsin  Survey,  No.  IV,  p.  399,  is  one  from  Alblemans 
and  is  400,800.  Limestones  go  sometimes  as  high  as  1,800,- 
000,  and  some  granites  above  2,000»000. 

V — MBCHANICAI.  BQUIPMBNT. 

The  mechanical  equipment  of  a  plant  consists  of: — 

(1)  Power  and  transmission. 

(2)  Lime  preparing  machinery. 

(3)  Mixing  apparatus. 

(4)  Presses. 

(6)    Hardening  cylinders. 

(6)  Conveyors. 

(7)  Tracks  and  trucks. 
Taking  these  up  in  order: 

(1)  Power  and  transmission  will  not  differ  materially 
from  that  in  other  industries. 

(2)  Lime-preparing  machinery  properly  belongs  to  the 
lime  industry,  since  if  a  hydrated  lime  is  used  it  will  proba- 
bly be  just  as  well  to  buy  from  the  manufacturer,  unless  the 
lime  is  burned  on  the  place,  since  the  sooner  the  lime  is 
hydrated  after  burning,  the  better  will  be  the  product. 
Those  interested  in  this  subject  will  find  it  discussed  in  the 
bulletin  on  the  Lime  Industry  of  Ohio,  issued  by  the  Ohio 
Geological  Survey,  in  1903.    When  quick  lime  is  used,  it 
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will  be  necessary  to  grind  the  lime,  if  bonght  in  lump  form. 
For  this  purpose  either  Stedman  or  Stnrtevant  mills  may  be 
used;  either  should  be  preceded  by  a  small  crusher. 

Mixing  Apparatus. 

(3)  A  machine  which  might  be  mentioned  in  this 
connection,  although  it  is  not  strictly  a  lime-preparing  ma- 
chine, is  that  A.  G.  Schwarz,  of  Zurich,  Switzerland,  in 
which  the  machine  is  heated  by  steam  pipes,  and  the  hy- 
drate is  dried  by  producing  a  vacuum.  The  excess  of 
water  is  pumped  out  as  vapor.*  This  machine  is  also  used 
in  the  quick-lime  process  of  manufacture,  as  a  total  prepar- 
ing machine. 

Other  machines  for  mixing  in  either  process  are  edge 
runners,  wet  and  dry  pans,  and  various  mixing  machines 
of  the  pug-mill  type.  I  think  the  latter  is  the  predomin- 
ating type  of  machine  in  use.  Any  of  the  above  named  ma- 
chines are  efficient,  if  the  mixing  is  continued  long  enough. 
Considerations  of  economy  in  power,  durability  of  machines, 
available  space,  etc. ,  should  therefore  decide  on  the  proper 
machine  for  any  particular  case. 

The  Schwarz  machine  offers  a  means  of  always  main- 
taining the  moisture  constantly  the  same  in  the  brick  before 
going  to  the  press.  When  using  other  machines,  the  work- 
men soon  acquire  great  skill  in  judging  the  correct  moist- 
ure condition  of  the  mix,  so  that  with  care  there  is  but 
little  trouble  from  this  source. 

Presses. 

I  think  I  am  safe  in  saying  there  is  no  press  made  to- 
day which  fulfills  all  the  requirements  of  sand-brick  indus- 
try. I  do  not  wish  to  be  understood  as  saying  there  are  no 
American  or  European  presses  which  will  make  good  brick, 
because  there  are  a  number  of  them  made  on  both  continents. 
If  we  could  combine  the  good  points  of  each,  and  improve  a 
few  minor  defects,  we  would  have  a  very  good  press. 
The  requirements  which  a  good  press  must  fulfill  are  these: 

1st.  The  press  must  be  able  to  regularly  deliver  a  pres- 

•**8illeo-<3AloareoaB  8an<UtoneB**— Enut  Btoffler. 
See  Also  Bnglneerlng  News,  Febmary  19 ,1008. 
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sure  of  from  200  to  250  tons  per  each  brick,  and  yet  not 
break  down  if  by  accident  the  pressure  rises  some- 
what higher. 

2nd.  The  filling  of  the  mold  must  be  accomplished  with 
great  accuracy  and  uniformity. 

3rd.  All  working  parts  must  be  so  arranged  that  they 
will  be  free  from  contact  with  loose  sand;  otherwise,  they 
will  cut  out  at  an  alarming  rate. 

4th.  The  dies,  and  mold  linings,  must  be  made  of  the 
hardest  material  obtainable. 

That  a  pressure  of  200  to  260  tons  per  brick  is  essential 
to  the  development  of  good  strength,  was  clearly  shown  in 
the  discussion  of  the  behavior  of  the  mixture  in  the  mold. 
Statements  and  results  previously  given  also  show  that  there 
is  necessity  for  a  press  to  stand  much  more  than  the  normal 
load,  since  the  strain  on  a  press  increases  at  a  tremendous 
rate,  with  a  slight  increase  in  the  amount  of  the  mixture  in- 
troduced, or  any  increase  in  its  volume  and  weight  such  as 
might  be  brought  about  by  some  accident  in  the  preparation 
of  the  mixture.  The  above  also  accounts  for  the  necessity 
of  accuracy  in  filling  the  molds.  The  lack  of  plasticity  in 
sand,  and  its  resistance  to  flow  and  adjustment  of  shape 
under  pressure,  is  evident  to  all.  Therefore,  even  distribu- 
tion of  the  loose  powder  in  the  mold  is  essential. 

The  above  refers  to  presses  driven  by  direct  gearing,  in 
which  the  stroke  of  the  plungers  is  fixed,  and  the  pressure 
therefore  directly  dependent  on  the  amount  of  material  in 
the  mold.  This  is  the  general  type  of  machine  in  use.  If 
the  above  requirements  are  not  met,  you  can  expect  many 
break-downs  in  this  type  of  machine.  If,  however,  a  press 
were  constructed  that  put  on  a  certain  desired  load  and  no 
more,  or  one  which  had  a  fixed  stroke  but  also  had  some 
means  of  releasing  the  strain  when  it  reached  the  danger 
limit,  the  result  would  be  an  occasional  large  brick  perhaps, 
instead  of  an  occasional  broken  press,  with  its  consequent 
annoyances,  expense  and  loss  of  time. 

The  third  requirement  is  self-explanatory  and  evi- 
dent to  all. 

The  fourth  is  necessary  to  the  reduction  of  friction  and 
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more  even  distribution  of  pxessure,  as  well  as  to  save  the 
annoyance  and  loss  consequent  to  frequent  changing  of 
the  mold  linings. 

The  increase  of  press  pressure  increases  the  friction  and 
abrasion  of  the  mold  linings  and  dies.  It  was  found  neces- 
sary when  working  with  cast-iron  molds,  to  raise  the  molds 
dear  from  the  bed  plate*,  so  that  the  brick  rested  on  the  bot- 
tom die,  so  as  to  get  pressure  from  both  top  and  bottom.  It 
is  therefore  likely  that  for  the  best  results  the  pressure  must 
come  from  both  top  and  bottom. 

It  is  probable  that  the  friction  on  the  sides  of  the  mold, 
and  the  resistance  to  flow  of  particles  will  limit  the  thickness 
of  a  block  which  can  be  manufactured  satisfactorily  to  four 
or  five  inches.  Possibly  a  press  may  be  so  made  that  one 
charge  may  be  added  and  given  a  definite  pressure,  and  then 
another  added  and  pressed  on  top  of  it;  in  this  way,  large 
blocks  might  be  built  up.  The  limiting  factor  here  would 
be  ability  to  push  the  block  out  of  the  mold  without  destroy- 
ing it.  Blocks  made  in  this  way  would  be  expensive  of 
course.  I  think  the  limit  in  thickness  might  be  increased 
when  necessary,  by  increasing  the  lime  and  moisture  con- 
tent. These  would  both  tend  to  reduce  friction,  and  in- 
crease movement  of  particle  on  particle,  but  at  the  same 
time  increase  the  cost  of  production. 

On  account  of  the  resistance  of  this  non-plastic  mass  to 
flow,  or  the  movement  of  particle  on  particle,  it  would  be 
well  that  a  press  should  not  at  once  release  the  pressure 
given;  or  it  might  be  better  still  to  repeat  the  pressure.  It 
seems  that  the  hydraulic  press  might  have  some  advant- 
ages, if  adapted  to  this  industry. 

Considering  the  presses  in  use  in  this  country,  we  can 
truly  say  they  all  have  their  merits,  and  if  we  were  able  to 
combine  the  good  points  of  all  in  one  machine,  we  would 
have  a  fairly  satisfactory  one.  They  all  have  their  faults, 
however.  One  fault  is  common  to  all;  they  are  not  built  to 
give  the  very  high  pressure  which  has  been  shown  to  be 
necessary.  Since  strength  is  developed  in  the  brick  either 
by  giving  it  high  pressure  in  the  press,  or  by  increase  of  the 
lime  content,  it  follows  that  brick  of  equal  strength  can  be 
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made  with  much  less  lime,  if  the  press  pressure  is  high 
enough,  and  it  is  probably  cheaper  to  give  this  pressure, 
than  to  use  larger  amounts  of  lime. 

Aside  from  this  common  fault,  each  press  has  its  own 
weak  points.  Taking  the  Kahl  press,  which  is  a  German 
press,  soon  to  be  manufactured  with  some  improvements  by 
the  Ohlemacher  Brick  Company,  of  Michigan  City,  Indiana, 
we  have  a  machine  built  to  stand  160  tons  per  brick,  and 
one  which  seems  to  do  very  good  work  up  to  about  100  tons, 
or  a  little  more  perhaps.  This  machine  is  built  broad  and 
low  with  the  wearing  parts  well  protected  from  the  sand. 
The  floor  space  of  1,000  bricks  capacity  is  very  large.  This 
is  always  a  disadvantage.  The  press  consists  of  a  rotary 
table,  which  first  passes  the  empty  mold  under  a  special 
measuring  device,  which  has  the  loose  material  already 
measured,  and  which  drops  the  sand  when  the  mold  is  in  the 
proper  position.  The  table  rotates  about  136^  farther  around 
and  the  brick  gets  its  pressure  from  below,  this  portion  of 
the  table  now  being  under  a  very  heavy  overhead  arm.  The 
table  next  carries  the  brick  out  from  under  the  arm,  after 
which  the  brick  is  pushed  up  flush  with  the  table  and  may 
be  picked  off  the  head  of  the  die  without  any  scraping,  or 
spalling.  The  pressure  is  delivered  directly  by  an  eccentric, 
working  under  the  table.  This  is  a  weak  point,  which  is  to 
be  remedied  in  all  new  machines.  This  is  probably  a  weak 
point  in  any  machine  called  on  for  enormous  pressure.  This 
machine  when  seen  in  operation  by  the  writer  was  giving 
brick  with  clean-cut  edges  and  corners,  with  almost  no  fail- 
ures. One  size  has  a  capacity  of  12,000  to  14,000  per  day  of 
ten  hours,  and  the  other,  20,000  to  23,000. 

The  Komnick  press,  another  machine  of  German  type,  is 
used  by  the  American  Sandstone  Brick  Machine  Company, 
of  Saginaw,  Michigan.  It  is  an  upright  machine,  with  a 
smaller  rotating  table,  and  filling  device  similar  to  the  Kahl 
press.  The  method  of  delivering  the  pressure  is  different, 
being  given  from  above.  This  machine  is  supposed  to  give 
a  pressure  of  about  100  tons  per  brick. 

The  Kahl  press  only  makes  one  brick  at  a  pressure;  the 
Komnick,  makes  two.    It  occupies  a  little  less  floor  space 
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than  a  press  of  the  American  type  having  twice  the  capacity. 
It  has  a  capacity  of  about  10»000  in  ten  hours. 

A  weak  point  in  this  machine  is  that  some  of  the  wear- 
ing parts  are  not  protected  from  the  sand.  When  seen  in 
operation  by  the  writer  it  was  not  giving  brick  with  clean 
edges.  This  fault  was  not  inherent  in  the  machine,  but  was 
probably  due  to  the  setting  of  the  mold  linings,  and  the  con- 
dition of  the  die-heads. 

This  firm  intends  manufacturing  a  press  of  this  general 
type  with  some  improvements,  making  it  double-geared  and 
simplifying  it  at  several  points.  This  is  to  replace  the  other 
press  in  all  their  new  plants. 

Since  sand-brick,  when  first  pressed,  are  so  tender  that 
they  do  not  stand  pushing  around  and  handling  without  in- 
jury, the  rotating  table  is  the  one  thing  characterizing  the 
German  press  which  recommends  it,  and  it  was  the  result  of 
an  effort  by  the  German  manufacturers  to  adapt  the  press  to 
the  need  of  the  industry. 

The  various  American  dry-press  brick  machines  used  in 
the  clay  industry  are  too  well  known  to  require  any  descrip- 
tion. So  far  as  known  to  the  writer,  they  are  the  only  ma- 
chines of  American  construction  yet  applied  to  the  making 
of  sand-lime  brick.  They  have  greater  strength,  greater  dur- 
ability and  greater  capacity  than  any  other.  They  have, 
however,  one  serious  fault.  The  brick  is  pushed  off  the 
head  of  the  die  by  the  mold  charger  in  such  a  way  that  many 
sand-brick  are  injured  by  having  comers  broken  off,  or  the 
edges  made  ragged  by  little  spalls  breaking  out.  Two  Amer- 
ican brick-press  companies  think  they  have  solved  this  prob- 
lem, and  will  soon  have  new  machines  out.  It  is  to  be 
hoped  that  their  anticipations  may  be  realized.  It  will  not  be 
long,  at  any  rate,  until  the  problem  is  solved  by  some  Amer- 
ican mechanic.  The  writer  favors  the  use  and  development 
of  an  American  press.  Even  if  many  defective  brick  must 
be  thrown  back  for  a  time,  the  American  press  will  make 
more  brick  with  less  expenditure  for  labor  and  repairs  than  4 

any  other,  and  its  use  will  soon  lead  to  the  over-coming  of 
its  present  defects.    It  must  be  borne  in  mind,  that  it  was 
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not  designed  for  sand-brick  at  all,  and  it  conld  not  properly 
be  expected  to  do  tbis  work  without  adjustment  to  it. 

Hardening  Cylinders  or  *^ Kettles.** 

(6;.  Hardening  cylinders  were  described  by  the  writer  in 
a  previous  paper^  •  The  following  notes  are  supplementary 
to  what  is  there  given. 

The  head  should  be  handled  by  an  overhead  crane  or  a 
block  and  tackle.  Hinged  doors  with  a  wheel  on  the  bottom, 
and  a  track  for  it  to  run  on,  have  been  used.  These  are 
clumsy  affairs  to  move  and  occupy  much  space,  and  should 
never  be  recommended.  The  bolts  should  be  so  fastened  to 
the  kettle,  that  the  head  can  readily  be  swung  into  place. 
These  bolts  are  usually  1 5^  to  1  ^  inches  in  diameter. 

The  size  of  these  hardening  kettles  varies  from  five  feet 
six  inches  to  seven  feet  in  diameter,  and  from  36  to  67  feet 
in  length.  They  should  be  constructed  of  ^  inch  to  ^  inch 
iron  or  steel  plate.  There  has  been  considerable  discussion 
among  the  German  manufacturers  as  to  the  size  of  kettle 
which  is  best.  Prom  these  discussions,  I  would  infer  that 
the  majority  are  in  favor  of  the  larger  sizes.  The  friends  of 
the  smaller  size  put  forward  the  argument  that  the  brick 
should  be  put  into  the  cylinder  at  once,  and  that  with  the 
larger  ones  they  would  have  to  stand  twice  as  long.  This  is 
true,  but  the  experience  of  the  writer  would  indicate  that  the 
difference  in  time  of  stand,  which  would  be  only  a  few  hours 
between  pressing  and  steam  treatment,  does  not  materially 
hinder  the  development  of  the  usual  strength.  When  work- 
ing brick  very  moist,  the  danger  of  damage  from  standing 
before  steam  treatment,  is  increased,  since  the  more  moist- 
ure present  the  more  rapidly  will  the  free  calcium  hydrate 
take  up  (CO3)  carbon  dioxide. 

With  the  small  cylinder,  the  cost  of  both  labor  and  fuel 
will  be  slightly  increased,  as  has  been  shown  by  Thiessen^. 

The  size  of  the  kettle  which  will  be  best,  will  depend  on 
1st,  the  plan  of  operation  adopted  at  the  plant,  and  2nd,  on 
the  capacity  of  the  plant,  which  means  the  press  capacity. 

1  TnuuAotions  American  0«r»mio  Sooletj,  VoL  IV. 
%  Thon-Indiutrle  Zeltnng,  Vol.  S8,  No.  IM. 
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With  a  press  capacity  of  20,000  brick  in  ten  honrs^  I  should 
recommend  working  with  nnits  of  10,000  brick,  and  should 
build  each  kettle  to  carry  that  number.  If,  however,  the 
press  capacity  were  only  15,000  per  ten  hours  and  the  plant 
was  to  be  operated  only  through  the  day,  it  is  obvious  that 
kettles  of  10,000  capacity  would  not  be  convenient  or 
economical.  The  customary  size  is  six  to  seven  feet  in  diam- 
eter by  fifty  to  sixty  feet  in  length.  This  size  will,  in  my 
opinion,  be  not  for  from  correct  in  most  cases. 

Tracks  and  Trucks* 

(7).  Of  the  trucks,  nothing  need  be  said  except  that  they 
should  be  well  made,  strong,  and  easy  running.  No  trucks 
should  be  used  without  ball  or  roller  bearings,  so  that  the 
power  used  in  moving  them  will  be  small.  The  tracks  also 
should  be  first-class,  laid  with  rails  of  good  weight  and  kept 
in  good  alignment,  to  avoid  jolts  or  jars  on  the  brick,  espec- 
ially before  hardening . 

VI — DISCUSSION  OF  THE  MERITS  OF  THE  VARIOUS 
SYSTEMS,   INCLUDING  PATENTS. 

Five  systems  or  processes  of  manufacture  have  been  ex- 
ploited  in  this  country.  Three  of  these  have  plants  in 
operation  today. 

The  American  Sandstone  Brick  Machinery  Company,  of 
Saginaw,  Michigan,  are  putting  in  plants  after  the  system 
used  by  P.  Komnick,  in  Germany.  This  company  has  one 
plant  up.  The  Ohlemacher  Brick  Company,  of  Michigan 
City,  Indiana,  represent  the  Kleber  system  as  patented  in 
the  United  States.  This  company  has  the  pioneer  plant  in 
the  United  States. 

Mr.  H.  E.  Brown,  of  Coldwater,  Michigan,  is  exploiting 
a  patent  on  the  use  of  dolomite  lime. 

The  Schwarz  System  Brick  Company,  New  York,  has 
the  Schwarz  system  to  offer. 

'  H.  Huennekes  &  Company,  of  New  York,  are  exploiting 
the  Huennekes  system,  which  is  based  on  the  United  States 
patent  of  Joseph  Prior.  This  company  has  three  plants  in 
operation  today. 
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Patents  on  Hardening  Processes, 

There  are  quite  a  number  of  patents  which  bear  directly 
or  indirectly  upon  the  sand-brick  industry  as  defined  by  us. 
There  are  not  many,  however,  that  have  real  merit.  There 
is  no  patent  on  the  process  of  hardening  with  steam  under  pressure 
in  the  ordinary  way^  since  Dr.  Michaelis,  of  Germany^  the  origina^ 
tor  of  this  idea^  allowed  his  patent  to  expire  some  years  agOy  thus 
giving  it  to  the  public. 

However,  there  have  been  granted  in  the  United  States 
two  patents  on  hardening  processes,  which  bring  about  the 
saine  reaction  and  essentially  by  the  same  agent — hot  steam 
or  steam  pressure.  While  both  of  the  processes  will  harden 
the  brick,  I  cannot  see  where  they  introduce  any  advantage 
or  economy  over  the  old  way  of  doing  it;  in  fact,  I  think 
there  are  several  factors  introduced,  which  would  bring  about 
a  loss  of  heat,  in  place  of  economy. 

These  patents  are: 

Patent  681580,  August  27,  1901,  granted  to  Carl  Rensing, 
Berlin,  Germany. 

Patent  683337,  September  24,  1901,  granted  to  Walter 
Schulthess,  Zurich,  Switzerland. 

An  electrical  hardening  process  has  also  been  patented. 

Patent  661443,  November  6,  1900,  granted  to  Emery 
Coulon,  Blatson,  Belgium. 

But  the  latter,  as  outlined  in  the  specifications,  would 
probably  be  too  expensive  to  receive  any  commercial  atten- 
tion in  this  country.  So  far  as  I  have  been  able  to  find  out, 
none  of  these  three  patent  hardening  processes  have  received 
any  commercial  impetus. 

Patents  Covering  Objectionable  Procedure. 

In  the  United  States,  there  have  been  granted  between 
January  1,  1892,  and  September  30,  1902,  twelve  patents, 
which  bear  directly  upon  the  sand-brick  industry.  Three  of 
these  have  objectionable  features,  considered  from  the  point 
of  material  produced.  Good  brick  can  be  made  by  any  of 
the  other  nine.  The  question  simply  resolves  itself  into  one 
of  economy  of  manufacture,  so  far  as  they  are  concerned. 

Patent  6p3po6y   February  25,  1902,  granted   to  Edward 
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Rott^  of  Cassel,  Germay,  covers  mixtures  of  clay  and  lime 
hardened  in  steam.  The  quality  of  material  produced  by 
clay  and  lime  hardened  by  steam  has  been  discussed  earlier 
in  this  report,  and  needs  no  further  comment 

Patent  683094,  October  22, 1901,  granted  to  Sven  Edmund 
Boirie^  of  Rognhildsborg,  Sweden,  makes  use  of  nitric  acid, 
in  the  mixture.  This  is  almost  sure  to  leave  soluble  salts  in 
the  finished  product,  which  would  be  very  undesirable. 

Patent  ^jojjj^  March  8,  1892,  issued  to  Charles  George^ 
of  Berlin,  Germany,  gives  the  brick,  after  steam  hardening, 
a  bath  in  a  solution  of  calcium-chloride.  If  he  were  to  for- 
get to  give  his  brick  their  bath,  they  would  be  more  desirable. 

Patents  Covering  Impractical  Procedure. 

While  good  brick  can  be  made  under  the  next  three 
patents,  I  do  not  think  they  are  feasible  commercially. 

Patent  624900,  May  16,  1899,  granted  to  Thomas  Barber^ 
London,  Bngland.  I  will  quote  claim  No.  1  for  this  method. 
^^The  process  of  manufacturing  artificial  stone,  which  consists 
first  in  submitting  the  materials  to  a  vacuum  to  exhaust  the  air 
therefrom,  then  submitting  them  to  the  action  of  hot  water 
under  pressure,  then  submitting  them  to  the  action  of  steam 
under  high  pressure  and  removing  the  water,  then  again 
submitting  the  materials  to  a  vacuum  while  maintaining 
them  at  a  suitable  temperature  till  dryness  is  reach,  substan- 
tially as  described.''  The  brick  must  stay  in  the  mold 
during  this  entire  procedure. 

Patent  591168,  October  6,  1897,  granted  to  Christian 
Heingerling,  of  Prankfort-on-the-Main,  Germany.  There  are 
three  claims:  claim  1  would  make  good  brick,  but  they 
would  have  to  remain  in  the  mold  while  being  subjected  to 
vacuum  after  molding;  claim  2  dips  the  brick  in  oleagenous 
substances,  which  would  be  objectionable  for  most  purposes; 
claim  3  hardens  by  carbonic  acid  gas. 

Patent  707898,  August  26,  1902,  granted  to  Teodor  BoaSy 
of  St  Hyacinthe,  Canada.  This  patent  covers  the  use  of 
magnesium-silicates  with  lime,  and  steam  hardening. 
There  are  eight  claims.  I  am  not  prepared  to  say  what  the 
results  would  be  for  the  first  four  of  these,  but  with  the  bal- 
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ance,  where  sand  and  lime  are  nsed  with  magnesia  in  excess 
of  the  lime,  I  think  a  good  brick  conld  be  made.  However, 
there  are  not  many  locations  where  magnesia  or  magnesium- 
silicate  can  be  had  cheaper  than  sand.  Since  probably  the 
only  office  of  the  magnesia  compound  would  be  to  replace 
sand,  it  would  do  just  as  well  to  use  cheap  sand. 

Patents  Covering  Practical  Procedure. 

Patent  684649,  October  15,  1901,  granted  to  Wilhelm 
Olschewskey,  Berlin,  Germany.  The  only  new  feature  intro- 
duced in  this  patent,  is  the  heating  of  a  portion  of  the  sand 
mixed  with  lime  in  a  closed  vessel.  The  balance  of  the  sand 
and  water  are  added  later  to  cool  the  entire  batch.  The  ad- 
ditional manipulation  here,  of  course,  will  slightly  increase 
the  cost  of  production.  It  is  necessarily  an  intermittent 
process.  Since  brick  are  made  to  answer  all  requirements 
without  this  extra  heating  and  manipulation,  this  process  is 
not  likely  to  become  popular  in  this  country. 

Patent  70261 1,  dated  June  17,  1902,  application  filed 
December  4,  1901,  granted  to  Oscar  Hugo  Anderson,  of  Stock- 
holm,  Sweden,  assignor  by  mesne  assignments  to  the  Silicate 
Brick  Syndicate,  of  Montreal,  Canada,  a  corporation  of 
Delaware.  The  essential  feature  in  the  claims  of  this  pat- 
ent, is  the  slaking  of  lime  in  dry  high-pressure  steam  at  the 
same  time,  and  tn  the  same  hardening  cylinder  as  the  bricks 
are  hardened  in.  The  principle  of  slaking  lime  in  dry  steam 
is  not  new,  since  Walters  published  the  properties  of  lime 
prepared  or  hydrated  in  dry  steam  a  number  of  years  ago. 
The  novelty  of  the  patent  must  therefore  lay  in  the  slaking 
at  the  same  time  the  brick  are  hardened. 

The  inventor  fails  to  call  attention  in  his  specifications 
to  the  most  valuable  featuie  of  the  entire  process,  namely, 
the  fact  that  all  the  heat  of  the  chemical  reaction  of  the 
water  on  the  lime  is  utilized.  The  heat  generated  is  consid- 
erable. And  all  the  heat  given  off  by  the  slaking  lime  in 
the  hardening  cylinder  means  that  just  so  much  steam  is 
saved  from  condensation  by  radiation  or  in  raising  the  tem- 
perature of  the  brick  and  the  trucks  up  to  the  temperature  of 
the  steam.     The  passage  of  the  steam  through^ the  hardening 
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cylinder  with  saflicient  rapidity  to  keep  it  essentially  free 
from  moisture,  would  be  an  expensive  operation.  It  is  not 
necessary,  however,  that  this  be  done,  since  moist  steam  will 
do  no  harm  so  long  as  the  temperature  is  maintained. 

The  practice  recommended  in  this  patent,  with  the  ex- 
ception that  the  lime  is  practically  slaked  by  water  before 
being  introduced  into  the  hardening  cylinder,  is  represented 
in  this  country  by  the  practice  of  the  American  Sandstone 
Brick  Machinery  Company,  of  Saginaw,  Michigan. 

In  April  1900,  P.  Komnick,  of  Blbing,  Germany,  issued 
a  pamphlet  "Sandsteinziegel-Industrie,"  in  which  he  shows 
a  container  for  slaking  lime  under  high  pressure  steam,  at 
the  same  time  that  the  brick  are  hardened. 

At  Saginaw,  Michigan,  there  is  a  very  neat  little  plant, 
12,000  to  14,000  in  twelve  hours,  operating  after  the  system  of 
Komnick.  This  plant  has  some  minor  faults  in  its  arrange- 
ment, recognized  by  the  owners.  These  will  be  corrected 
in  all  future  plants.  The  procedure  at  this  plant  is  essen- 
tially as  follows: 

The  lime  is  prepared  by  adding  water  to  quicklime  in 
iron  boxes  of  such  size  as  will  go  under  the  brick  trucks  in 
the  hardening  cylinders.  After  the  addition  of  the  water,  the 
boxes  are  allowed  to  stand  a  short  time  and  are  then  placed 
in  the  hardening  cylinder.  Any  lime  unslaked  by  the  water 
is  fully  hydrated  by  the  steam  during  the  hardening  of  the 
brick.  If,  on  the  other  hand,  a  little  too  much  water  is 
added,  the  steam  drys  the  hydrated  lime.  This  gives  a  very 
satisfactory  lime-hydrate  to  work  with.  There  are  always 
some  lumps  which  do  not  entirely  break  down,  so  the  hy- 
drate must  be  ground  before  mixing  with  the  sand. 

The  ground  lime-hydrate  and  sand  are  shoveled  into  an 
elevator,  which  carries  it  to  the  mixing  machine.  This  ma- 
chine consists  of  two  shafts  studded  with  paddles  turning 
towards  each  other.  The  paddles  are  so  set  as  to  gradually 
carry  the  mixture  to  the  other  end,  which  feeds  into  the 
press.  The  press  used,  has  been  described.  Short  harden- 
ing cylinders  (27  feet)  are  in  use  here.  This  is  not  an  essen- 
tial feature  of  the  system,  however.  My  observation  of  the 
material  produced,  was  that  the  lime  was  not  evenly  distrib* 
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uted.  This  must  be  due  to  one  of  two  causes,  i.  e.y  either  in- 
sufficient grinding  of  the  lime,  or  insufficient  mixing  later. 
Both  finer  grinding  and  a  second  mixing  machine  would  be 
perhaps  desirable. 

With  almost  any  other  method  of  preparing  the  lime, 
the  imperfect  distribution  of  the  lime  would  be  dangerous  to 
the  product,  but  with  this  method  of  preparation,  the  only 
undesirable  feature  is  that  the  full  value  of  the  lime  as  a 
bonding  material  is  not  obtained.  This  system  of  manufac- 
ture evidently  will  not  be  the  cheapest,  since  the  users  of 
quicklime  eliminate  the  cost  of  the  preparation  of  the  lime 
as  indicated  above. 

Patent  6gyjgi,  April  8,  1902,  granted  to  Herman  Ebsha 
Brown^  Coldwater,  Michigan.  This  patent  covers  the  use  of 
lime  produced  from  the  calcination  of  dolomite  limestone. 
There  are  no  plants  working  on  this  system  today,  but  the 
contract  has  been  let  for  the  machinery  for  one  to  be  put  up 
at  once  at  Jackson,  Michigan. 

As  previous  statements  would  indicate,  this  type  of  lime 
must  be  thoroughly  slaked  before  mixing  with  the  sand,  and 
more  time  will  be  necessary  for  slaking  than  with  hot  limes. 
The  mixing  machine  contemplated  in  the  new  plant,  is  one 
which  has  been  used  in  mixing  asphalt  and  sand.  Since  it 
is  a  machine  which  holds  the  material  until  dumped,  it 
should  give  good  results  if  the  mixture  is  retained  until  the 
lime  is  completely  distributed.  The  hardening  cylinder 
contemplated  is  extreme  in  length  (76  feet).  In  my  opinion 
this  is  a  mistake,  for  any  thing  except  perhaps,  a  plant  of 
150,000  to  200,000  brick  per  day.  The  back  end  of  such  a 
cylinder  will  have  very  bad  light.  And  further,  it  will  be 
very  difficult  to  keep  such  a  long  cylinder  from  creeping  on 
the  foundation. 

This  process  obviously  will  not  be  the  cheapest  one 
since,  as  has  been  previously  indicated,  slightly  more  of  this 
lime  is  needed  to  produce  the  same  strength  as  of  a  hot  lime. 
However,  there  are  no  doubt  locations  where  this  kind  of  lime 
can  be  had  at  a  sufficiently  lower  cost  to  more  than  over-bal- 
lance  any  slight  drawbacks  which  it  may  have. 

PaUnt  686333,  November  12, 190J,  granted  to  Paul  Joseph 
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Prior ^  of  Cologne,  Germany,  assignor  to  Heinrich  Hunnekes, 
of  Straelen,  Rhineland,  Prussia,  Germany.  The  essential 
feature  of  tbis  patent  is  the  introduction  into  the  hardening 
cylinder  of  the  alkali  salts,  potassium  and  sodium  carbonates, 
in  such  a  way  that  the  steam  introduced  shall  pass  over  the 
surface  of  the  salts,  claiming  that  in  this  way  potash  and  soda 
are  introduced  into  the  brick.  This  patent  has  been  ex- 
ploited in  this  country  and  is  better  known  under  the  name 
of  the  "Huennekes  System." 

The  properties  of  potassium  and  sodium  carbonates,  are 
such  that  it  is  difficult  to  see  how  they  can  be  carried  up  and 
into  the  bricks  to  any  extent  by  the  steam.  After  seeing  a 
plant  at  Pittsburgh,  Pennsylvania,  which  operated  accord- 
ing to  this  system,  the  writer  concluded  that  the  alkali  salts 
were  dissolved  and  carried  out  by  the  water  which  is  inevit- 
ably condensed  in  hardening  the  brick  by  steam.  This 
being  the  case,  the  alkali  salts  could  do  neither  harm  nor 
good,  so  long  as  the  steam  inlet  and  the  salts  were  kept  un- 
der the  trucks  which  carry  the  brick.  If,  however,  the  alkali 
salts  were  suspended  over  the  brick,  and  the  steam  then 
blown  over  the  salt  containers,  there  might  be  positive  harm 
done  by  the  mechanical  action  of  the  steam,  splashing  the 
solution  of  potassium  and  sodium  carbonates  over  the  surface 
of  the  brick.  These  salts  would  later  be  apt  to  show  up  as  a 
white  scum  on  the  brick. 

Owing  to  the  fact  that  three  plants  were  working  in  this 
country  under  protection  of  this  patent,  and  that  the  promo- 
ters of  this  system  were  making  rather  strong  claims  as  to 
the  desirability  and  advantanges  of  this  system  over  all 
others,  it  was  deemed  advisable  to  make  an  investigation 
of  the  advantages,  if  any,  to  be  derived  from  the  use  of 
potash  and  soda. 

Accordingly,  a  mixture  of  four  parts  of  the  coarse  sand 
used  in  earlier  work,  and  one  part  of  fine-ground  flint,  and 
ten  per  cent,  high-calcium  lime  was  made  up,  and  three 
cubes  and  three  brickettes  made  from  it  with  a  press  pres-  \ 

sure  of  16,000  pounds  per  square  inch.     These  were  hard- 
ened in  a  hardening  cylinder,  in  which  the  steam  inlet  deliv- 
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ered  the  steam  over  the  surface  of  potassium  and  sodium 
carbonates  exposed  in  shallow  pans.  This  was  accomplished 
by  closing  the  end  of  the  steam  delivery  pipe  which  was  laid 
on  top  of  the  shallow  pans.  This  pipe  had  a  large  number 
of  holes  on  both  sides  of  it  so  that  the  steam  came  out  all 
over  the  surface  of  the  salts.  The  cylinder  was  heated  above 
lOO^C  before  putting  in  the  bricks  and  the  alkali  salts,  so  as 
to  have  as  little  condensation  as  possible,  but  nevertheless 
the  pans  were  filled  and  running  over  with  water  when  the 
cylinder  was  opened.  The  average  results  obtained 
from  crushing  the  three  cubes  and  pulling  two  of  the 
biickettes  was: 

Crushing  Strength,  pounds  per  square  inch 6,181 

Tensile  Strength,  pounds  per  square  inch 554 

Three  more  cubes  and  three  more  brickettes  were  then 
manufactured  under  strictly  parallel  conditions,  except  that 
no  alkali  salts  ox  chemicals  ^ti^  used  in  the  hardening  cylinder. 
The  average  results  obtained  from  crushing  the  three  cubes, 
and  pulling  two  brickettes  were: 

Crushing  Strength,  pounds  per  square  inch 6,415 

Tensile  Strength,  pounds  per  square  inch 644 

From  the  above  results,  it  seems  evident  that  the  intro- 
duction of  potassium  and  sodium  salts  into  the  hardening 
cylinder  in  the  prescribed  manner  brings  about  no  material 
good  or  injury  to  the  brick.  We  may  say  then,  that  it  occa- 
sions a  slight  increase  in  the  cost  of  production,  without  any 
material  gain  in  the  quality  of  the  product. 

As  has  been  stated  earlier,  there  are  three  plants  operat- 
ing under  the  protection  of  this  patent.  One  at  Pittsburgh, 
Pa.,  one  at  Wilmington,  N.  C,  and  another  at  Sioux  Palls, 
South  Dakota. 

The  general  practice  at  these  plants  is  to  mix  ground 
lime  and  sand  with  the  requisite  amount  of  water  to  produce 
the  proper  consistency  in  a  pug  mill.  The  mixture  is  con- 
veyed to  bins  where  it  is  allowed  to  ripen  for  24  to  48  hours, 
after  which  it  passes  through  a  second  mixing  machine  of 
some  sort,  and  on  to  the  press.  The  Berg  press  is  in  use  at 
Pittsburgh.    The  second  mixing  machine  at  the  above  named 

14  Ccr. 
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place  is  a  dry-pan,  and  by  this  procedure  fairly  even  distri- 
bution of  the  lime  was  being  obtained.  A  rather  large  hard- 
ening cylinder  was  being  used  here  also — about  six  feet  six 
inches  in  diameter  by  66  or  67  feet  long.  I  can  see  no  reason 
why  this  mechanical  treatment  should  not  be  slightly 
cheaper  than  the  two  preceding  ones. 

Patent  d^o^gp,  March  19,  1901,  granted  to  Wilhelm 
SchwarZy  of  Zurich,  Switzerland.  I  will  quote  claim  three 
which  gives  the  essential  features  of  the  patent. 

''The  process  of  making  artificial  sandstone,  which  con- 
sists in  drying  the  sand  by  heat  in  vacuo^  then  adding  lime  to 
the  dry  sand,  and  drying  the  lime,  then  mixing  the  whole 
and  adding  moisture  all  while  under  a  vacuum." 

The  main  object  of  this  patent  is  to  bring  about  accurate 
control  of  the  moisture  content  of  the  raw  brick.  While  this 
is  desirable,  I  do  not  consider  it  essential,  since  my  observa- 
tion is  that  the  workmen  soon  acquire  sufficient  skill  to  keep 
the  moisture  content  of  the  mixture  within  the  limits  which 
will  produce  uniformly  good  brick.  The  very  small  amount 
of  carbon  dioxide  which  is  eliminated  by  the  machine  being 
closed  while  mixing  is  in  progress,  is  not  worthy  of  any 
consideration. 

In  the  opinion  of  the  writer,  the  real  merit  of  the 
Schwarz  system  lies  in  the  mixing  machine  which  Schwarz 
has  devised  to  carry  out  his  ideas,  rather  than  in  the  patented 
process.  This  machine  is  described  in  Engineering  News 
for  February  19;  1903. 

If  this  machine  were  divested  of  its  complex  vacuum 
and  heating  arrangements,  I  believe  it  would  then  be  the 
best  mixing  device  for  the  sand-brick  industry  which  has  yet 
been  offered  to  the  public.  Since  the  total  preparation  of 
the  raw  material  is  brought  about  in  one  machine,  it  admits 
of  simple  plant  construction,  eliminating  in  a  large  measure 
conveying  machinery  which  is  a  very  desirable  thing  to  do. 

The  Schwarz  System  Brick  Company,  of  New  York, 
are  promoting  this  system,  but  as  yet  have  no  plants  in  *  ^ 

operation. 

Patent   663904.^  December  18,   1900,   granted  to  PeUr 
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Kleber^  of  Malatatt-Burbach,  Germany.    I  quote  the  entire 
claim  made  by  this  patent. 

"The  herein  described  process  for  the  production  of  ar- 
tificial stone  or  brick,  consisting  in  first  mixing  moist  sand 
and  unslaked  lime  so  as  to  hydrate  a  portion  of  the  lime 
only;  second,  adding  sufficient  water  to  hydrate  the  lime  re- 
maining unhydrated  or  unslaked,  and  allowing  said  mixture 
to  stand  sufficient  to  complete  hydration;  thirdly,  bringing 
the  mixture  into  a  plastic  cohesive  condition  by  the  addition 
of  a  minimum  amount  of  water;  molding  said  mixture  into 
blocks  and  finally  subjecting  such  blocks  to  the  action  of 
high  pressure  steam,  substantially  as  described.'' 

A  careful  study  of  this  claim  will  show  you  that  there  is 
very  little  in  it  which  is  essential  to  sand^brick  manufacture. 
No  new  principle  is  involved.  Nothing  can  be  gained  by 
furnishing  the  moisture  to  the  lime  for  hydration  in  two  por- 
tions, instead  of  one;  in  fact  the  reverse  is  the  case,  since 
lime  slakes  best  and  most  completly  with  a  slight  excess  of 
water,  such  as  would  be  needed  to  bring  the  entire  mixture 
to  the  desirable  condition  for  molding,  after  the  lime  had 
taken  up  what  water  it  would.  With  some  limes  which  are 
high  in  magnesia,  it  would  be  necessary  to  let  the  mixture 
stand  at  some  stage  after  the  addition  of  the  water  necessary 
for  hydration,  to  give  the  slow-slaking  magnesia  time  to 
complete  its  hydration  before  going  to  the  press.  With  a 
hot,  quick-slaking,  or  high-calcium  lime,  this  would  not  be 
necessary;  the  hydration  would  be  complete  by  the  time  the 
mixing  had  been  thoroughly  done,  and  the  mixture  could  be 
put  through  the  press  and  into  the  hardening  cylinder  while 
still  warm  from  the  heat  generated  from  the  slaking  lime. 

The  Ohlemacher  Brick  Company,  of  Michigan  City,  In- 
diana, originally  manufactured  under  the  protection  of  this 
patent,  but  I  do  not  believe  in  their  present  practice  any  just 
cause  for  action  for  infringement  on  the  above  Kleber  patent 
could  be  found,  were  they  inclined  to  abandon  its  protection. 

The  Michigan  City  plant  is  the  pioneer  plant  in  this 
country.  The  practice  at  this  plant  briefly  stated  is,  to  mix 
sand,  ground  quick-lime  and  water  sufficient  to  completely 
slake  the  lime,  and  leave  the  mixture  moist  enough  to  mold 
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when  finished.  This  is  done  in  the  first  mixing  machine. 
The  mixture  then  passes  through  two  more  mixing  machines^ 
and  screw  conveyor,  before  going  to  the  press.  If  the  moist- 
ure content  is  not  right,  it  is  corrected  in  the  last  mixing 
machine  by  adding  a  little  water,  or  a  little  dry  lime  and 
sand  as  the  case  may  be. 

The  mixing  machines  are  of  the  pug  mill  type,  with 
many  more  paddles  than  are  in  an  ordinary  clay  pug  mill, 
The  distribution  of  the  lime  was  complete.  The  raw  mix- 
ture is  carried  to  a  row  of  presses  by  an  overhead  drag  con- 
veyor, which  has  feed  openings  at  each  press,  which  can  be 
closed  when  a  press  is  not  in  use.  The  hardening  cylinders 
are  of  normal  size. 

A  properly  equipped  plant  operated  according  to  the 
last  patent,  or  in  the  manner  just  described,  should  produce 
brick  at  minimum  cost,  since  there  is  no  extra  handling  of 
anything.  The  raw  material  starts  at  one  end  and  comes 
out  a  finished  product  at  the  other  end,  with  no  delay  except 
for  the  steam  bath.  A  considerable  portion  of  the  heat, 
due  to  hydration  of  the  lime  is  saved.  Any  other  than  a 
quick-slaking  lime  would  make  trouble  however. 

Summary, 

I  wish  it  to  be  understood  that  good  brick  can  be  pro- 
duced under  all  of  the  last  nine  patents  described,  and  that 
the  value  of  each  lies  in  its  ability  to  reduce  the  cost  of  pro- 
duction, rather  than  in  any  advantage  in  producing  the 
chemical  reaction  in  hardening. 

If  the  last  five  systems  described,  were  all  to  work  under 
exactly  parallel  conditions,  I  do  not  believe  that  the  diflfer- 
ence  in  cost  of  production  would  vary  more  than  36  cents 
per  thousand,  between  the  lowest  and  the  highest.  Like- 
wise, the  difference  in  cost  of  construction  of  the  plants  for 
each  process  will  not  vary  more  than  a  few  thousand  dollars 
under  similar  conditions. 

The  cost  of  plants  will,  of  course,  vary  slightly  from  time 
to  time  with  the  rise  and  fall  of  hand  and  machine  work,  but 
will  vary  markedly  with  the  locality  at  any  time.  A  well 
equipped  sand-brick  plant,  with  a  capacity  of  20,000  bricks 
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in  10  to  12  hours,  will  cost,  independent  of  site,  from  ^20,000 
^25,000  in  Ohio. 

The  cost  of  production  also  will  vary  considerably  with 
location.  The  cost  of  production  in  this  country,  independ- 
ent of  depreciation  and  interest  on  investment,  varies  from 
^2.50  to  $4.00  per  1000.  The  selling  price  ranges  in  diflFerent 
localities  from  ^8.00  to  $16.00  per  1000. 

Prom  seven  to  eight  million  brick  were  made  and  sold 
in  the  United  States  in  1902. 

It  iis  a  fact  worthy  of  notice  that  of  all  the  patents  men- 
tioned, only  one  was  taken  out  by  a  citizen  of  the  United 
States. 

I  see  no  valid  reason  why  plants  should  not  be  built,  or 
why  good  brick  should  not  be  made,  independent  of  all  the 
above  mentioned  patents  or  systems. 

DISCUSSION. 

Mr.  Alfred  Yates: — I  think  the  gentleman  who  has 
presented  this  paper  deserves  credit  for  working  it  up  in 
such  detail.  But,  it  is  an  innovation  to  expect  a  clay- 
worker  to  make  brick  from  sand.  I  have  heard  no  reference 
to  the  money  end.  It  is  the  commercial  end  we  are  all  look- 
ing at.  If  we  cannot  make  money  out  of  an  industry,  we 
naturally  will  not  take  hold  of  it.  I  notice  Mr.  Peppel  re- 
commends a  press  operating  at  fifteen  or  twenty  thousand 
pounds  per  square  inch.  We  have  presses  in  this  country 
running  at  eight  or  ten  thousand  pounds,  and  we  think  these 
are  excessive  pressures.  I  would  like  to  ask  him  if  he  ex- 
pects to  install  presses  to  work  this  increased  pressure  and 
still  make  a  commercial  success? 

Mr,  Peppel: — Certainly.  Why  not?  I  do  not  recommend 
more  than  fifteen  thousand  pounds  to  the  square  inch,  and  I 
should  say  that  sand-lime  brick  presses  now  in  operation 
are  using  between  twelve  thousand  five  hundred  (12500)  and 
fifteen  thousand  (16000)  pounds  per  square  inch.  I  don't 
believe  anybody  in  the  clay  brick  line  is  manufacturing  with 
over  seven  thousand  five  hundred  (7600)  pounds  to  the 
square  inch. 

Mr.   Yates: — We  all  know  that  clay  is  compressible.    It 
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will  reach  a  certain  density,  and  when  we  arrive  at  that 
stage,  it  is  elastic.  But  in  my  experience,  whatever  press 
may  be  used,  there  most  always  be  a  little  margin  left,  so 
that  if  we  get  a  little  more  clay  in  the  mold,  it  will  not 
break  the  machine.  We  have  little  vent  holes  to  take  care 
of  it.  What  are  you  going  to  do,  when  you  get  a  little  more 
sand  between  the  plungers  than  the  space  will  admit? 

Mr.  Peppel: — That  point  is  just  what  I  brought  out  in 
my  paper.  I  showed  that  the  compression  is  very  small  be- 
yond fifteen  thousand  pounds  per  square  inch.  Therefore, 
if  you  get  a  very  little  sand  in  the  mold  beyond  that  which 
is  required  to  fill  it  at  the  normal  pressure,  you  run  up  the 
pressure  at  an  enormous  rate,  and  possibly  break  the  ma- 
chine. This  is  a  point  which  our  American  machine  manu- 
facturers have  got  to  meet  squarely  before  their  presses  will 
succeed  in  this  new  industry. 

Mr.  Yates: — I  would  like  to  ask,  can  this  mechanical 
combination  be  brought  into  such  dense  form  that  this  brick 
will  be  impervious  to  moisture? 

Mr.  Peppel: — Oh,  no!  The  average  absorption  of  moist- 
ure is  about  eight  per  cent. — it  ranges  from  six  to  ten. 

Mr.  Yates : — The  samples  of  this  sand-lime  brick  which 
have  been  handed  around  here  are  very  much  like  silica 
brick.  I  know  that  if  a  silica  brick  freezes,  it  is  atomized. 
How  do  you  expect  these  brick  to  stand  frost,  with  eight  or 
ten  per  cent  of  water  in  them?  I  am  asking  these  questions 
because  if  there  is  more  money  in  sand-lime  brick  than  in 
clay  brick,  we  want  to  know  it. 

Professor  Edward  Orton^  Jr. : — Mr.  Yates  did  not  seem  to 
gather  during  the  reading  of  this  paper,  that  Mr.  Peppel 
made  freezing  and  thawing  tests  21  times  in  succession  on 
the  same  bricks,  and  that  after  that  treatment  they  actually 
stood  more  pressure  than  a  similar  set  of  bricks  which  were 
not  frozen. 

(Mr.  Yates  shakes  his  head,  looks  doubtful,  and  finally 
bursts  into  incredulous  laughter.     The  humor  of  the  situa-  j 

tion  strikes  the  audience,  and  general  laughter  results.)  ^ 

TAe  Chair: — There  are  one  or  two  successful  plants 
operating  in  this  country  on  this  line  ? 


ABTIFIOIAIi   B^NDBTONK   OB  8AND-BBI0K.  ai# 

Mr.  Peppel: — There  are  in  this  country  five  plants  in 
operation,  and  machinery  is  bought  tor  another  one.  In 
Germany  there  are  several  hundred  plants  in  operation. 

The  Chair: — I  assumed  naturally  that  Mr.  Peppel  would 
not  have  taken  the  time  to  prepare  all  of  this  elaborate  in- 
vestigation on  an  up-in-the-atmosphere  proposition.  I 
gave  him  credit  for  that. 

Mr.  Yates : — I  wonld  like  to  ask  the  gentleman,  if  he 
knows  whether  any  of  these  American  plants  have  paid  any 
dividends  ? 

Mr.  Peppel: — I  am  not  familiar  with  the  business  man"- 
agement  of  these  corporations,  and  do  not  know  whether 
any  of  them  have  paid  dividends  or  not.  But  the  question 
as  to  whether  they  have  paid  dividends  or  not  is  premature, 
as  they  are  all  new  and  introducing  a  new  product.  We 
know  what  it  costs  to  manufacture  sand-lime  brick.  We 
know  what  they  can  be  sold  for;  know  what  a  plant  costs;  it 
is  simply  a  question  of  ability  to  organize  the  business  and 
to  sell  the  product.  They  cannot  help  but  make  money,  if 
they  receive  ordinary  sound  business  management,  and  are 
operated  by  a  man  who  knows  the  technical  side  thoroughly. 

Professor  H,  A.    Wheeler: — What  are  the  figures? 

Mr.  Peppel: — I  gave  these  figures  a  year  ago  in  my  first 
paper  before  this  society,  and  a  year's  study  of  the  question 
does  not  show  that  they  ought  to  be  changed.  I  thought 
then  the  cost  of  the  brick  would  be  approximately  $4.00  per 
thousand.  The  figure  I  gave  for  the  cost  of  a  plant,  inde- 
pendent of  any  royalty,  was  approximately  fifty  thousand 
dollars. 

Professor  Wheeler: — Will  sand-lime  bring  the  same 
prices  as  common  building  brick? 

Mr.  Peppel: — In  different  sections  they  are  being  sold  at 
different  prices.  At  one  point  they  are  sold  at  a  little 
better  price  than  common  brick;  at  another  place  they  are 
sold  just  a  little  bit  under  face  brick.  Their  appearance 
would  justify  their  going  into  the  market  about  on  a  par 
with  face  brick.  However,  they  can  be  made  cheap 
enough  to  sell  at  par  with  common  brick.  The  price  they 
will  sell  at  is  a  matter  for  the  people  going  into  the  business 
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to  decide  for  themselves.  Eighty-five  to  ninety-five  per 
cent,  of  the  brick  can  be  sold  as  face  brick;  the  other  part 
would  simply  be  face  brick  with  the  corners  knocked  off, 
etc.,  in  handling. 

Tie  Chair: — Have  any  abrasion  tests  been  made? 

Mr.  Pepptl: — No  abrasion  tests  have  been  made.  The 
abrasion  test  is  never  applied  to  building  material  so  far  as 
I  know.  It  is  used  for  comparing  the  toughness  of  material 
which  is  made  to  withstand  wear,  like  paving  brick.  How- 
ever, the  tensile  strength  suggests  in  a  measure,  how  the 
brick  will  wear  in  handling. 

The  Chair: — Were  any  of  these  bricks  tested  after  the 
absorption  test  was  made,  while  wet,  to  determine  suitability 
for  foundation  work,  where  they  would  be  constantly  under 
water? 

Mr.  Peppel: — No,  not  by  me,  but  some  tests  have  been 
made  in  Germany,  on  the  wet  material,  which  show  very 
slight  differences;  about  the  same  proportionate  diffierence 
which  a  clay  brick  usually  shows  when  tested  wet  vs.  dry. 
I  don't  mean  vitrified  brick,  but  ordinary  building  brick. 
We  are  not  advocating  sand-lime  brick  for  pavers. 

Professor  Wheeler: — Have  any  attempts  been  made  to 
color  these  brick? 

Mr.  Peppel: — They  have  been  colored.  This  (showing 
sample)  was  made  in  an  accidental  way,  and  is  not  very 
beautiful. 

Professor  Wheeler: — Have  any  heat  tests  been  made? 

Mr.  Peppel: — They  have  been  heated  to  cone  eight. 

The  Chair: — Have  they  been  tested  as  a  fire  brick? 

Mr.  Peppel:— ^ox.  by  me.  My  test  merely  consisted  in 
placing  them  in  the  kiln  and  carrying  them  up  to  cone 
eight. 

The  Chair: — In  direct  contact  with  the  fire  gases? 

Mr.  Peppel: — They  were  in  direct  contact  with  the  gases, 
but  were  not  in  the  fire  box.  The  Germans  have  made  a  num- 
ber of  tests.  They  built  a  small  house  out  of  the  material, 
and  built  a  wood  fire  around  it,  making  a  small  sized  confla- 
gration; they  claim  that  they  came  out  in  better  shape  than 
common  brick.     But  I  do  not  lay  much  stress  on  that  test. 
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You  cannot  use  this  material  as  fire  brick  in  a  position 
where  basic  slags  can  come  into  contact  with  it.  You  can 
only  class  it  as  a  fire-resisting  material  in  such  places  as  an 
ordinary  silica  fire  brick  wonld  be  desirable. 

Professor  Orton : — Do  you  think  it  will  stand  up  with 
ordinary  silica  brick  ?    Does  it  not  contain  too  much  lime  ? 

Mr.  Pepptl. — It  can  be  made  with  two  per  cent.  lime. 
What  is  there  to  make  it  weak? 

The  Chair: — I  had  in  mind  the  lining  of  muffles.  I 
wondered  if  it  could  be  used  there. 

Mr.  Peppel: — This  block  (picking  up  one  from  the 
table)  contains  five  per  cent,  of  lime,  and  has  been  burnedi 
but  not  up  to  the  point  where  vitrification  sets  in.  I  think 
it  was  about  to  cone  four. 

Mr.  Karl  Langenbeck : — I  think  Mr.  Stover's  point  is  of 
interest  to  those  connected  with  the  clay  industry  proper. 
This  particular  application  would  not  be  in  any  place  where 
it  would  come  in  contact  with  fuel,  or  any  active  chemical 
agent,  as  at  the  kiln  mouth,  but  merely  as  slabs  for  lining  the 
muffles.  The  question  would  be  whether  the  hydrated 
silicate  which  forms  the  bond  in  sand-lime  brick  would  pass 
into  an  igneous  silicate  bond,  at  cone  eight  or  ten?  What 
would  be  the  influence  of  repeated  heatings  and  coolings  of 
such  a  product?  That  is  the  movement  which  racks  such 
structure. 

Mr.  Peppel: — It  would  simply  be  the  same  as  that  of  a 
silica  fire  brick,  because  when  you  bring  sand-lime  brick 
up  to  the  point  of  vitrification,  you  simply  make  a  silica 
brick  of  it. 

Mr.  Langenbeck: — The  movement  of  silica  under  suffl- 
cient  degree  of  heat  is  that  of  expansion,  and  possibly  after- 
wards a  slight  contraction  again.  The  question  is,  will  this 
movement  in  this  material  probably  assist  in  maintaining 
the  structure,  and  make  it  preferable  to  the  fire  clay 
product,  which  we  know  contracts  and  in  time  racks?  Are 
there  any  experiments  with  which  you  are  familiar,  or  do 
you  recollect  about  the  behavior  of  the  Dinas  brick  under 
heat? 

Mr.  Peppel: — I  have  no  evidence  to  show,  but  I  am  of 
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the  opinion  that  you  have  outlined  the  case  correctly.  The 
material  is  sufficiently  porous  to  take  up  slight  expansion  in 
the  very  small  amount  of  binding  material;  when  the  struc- 
ture would  reach  the  end  of  this  ability  to  take  care  of  ex- 
pansioui  the  binding  material  would  be  in  condition  to  flow. 
The  expansion  of  this  material  at  a  little  below  cone  thirty  is 
reported  from  a  German  source  to  be  about  two  per  cent. 

Mr.  Langenbeck : — Then  even  with  five  per  cent  of  lime, 
it  does  not  melt  at  cone  thirty. 

Mr.  Yates: — I  will  inquire  of  Mr.  Langenbeck  if  he 
considers  five  per  cent,  of  lime  added  to  free  silica,  sufficient 
to  bring  it  to  fusion  at  kiln  heat? 

Mr.  Langenbeck: — No,  I  think  not;  but  I  am  trying  to 
get  at  just  the  point  you  are  trying  to  get  at — what  would 
be  the  extreme  limit  of  temperature  which  these  brick 
would  stand.  We  now  hear  that  they  did  not  fuse  at  cone 
thirty,  and  it  is  likely  cone  thirty-three  before  actual 
fusion  takes  place.  This  will  give  some  rough  idea  of  what 
we  might  expect  under  ordinary  pottery  conditions,  at  cone 
eight  or  ten.  If,  without  breaking  dawn  the  structure^  the  hy- 
drated  silicate  of  lime  bond  had  passed  into  a  igneous  sili- 
cate of  lime  bond,  and  if  actual  fusion  does  not  take  place 
until  you  reach  cone  thirty  or  thirty-three,  it  looks  as  if  it 
i^ere  an  available  fire-resisting  material  for  certain  parts  of  our 
kilns  and  muffles,  wfth  the  promise  that  the  movement 
which  it  undergoes  is  a  less  destructive  movement  than  that 
of  fire  clay,  with  its  continual  shrinking  under  continued 
heat. 

Mr.  Yates: — I  would  further  inquire  of  Mr.  Langenbeck 
if  he  considers  it  will  be  a  safe  material  to  use,  taking  into 
consideration  the  expansion  of  silica?  Would  not  the  spall- 
ing  and  chipping  of  the  silica  brick  be  more  destructive 
than  the  shrinking  of  the  clay  brick? 

Mr.  Langenbeck: — I  fancy  it  would,  and  for  that  reason 
I  put  the  question  about  expansion.  Mr.  Peppel  has  given 
his  opinion,  that  while  the  total  expansion  of  the  silica  is 
very  small,  as  shown  by  tests,  at  such  temperatures  as  interest 
us,  say  cone  eight  to  ten,  the  expansive  movement  would 
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be  taken  up  internally  in  the  brick  themselves  and  would 
not  exert  a  total  swelling  force  to  amount  to  anything. 

Professor  OrUm: — I  think  the  discussion  has  taken  a 
Une  which  is  probably  most  dangerous  for  sand-lime  brick. 
I  don't  believe  anybody  has  seriously  put  forth  sand-lime 
brick  as  a  suitable  material  to  replace  genuine  silica  brick. 
I  do  not  see  where  any  economy  would  result  in  using  them. 
Where  sand-lime  brick  of  the  silica-brick  type  are  manufac- 
turedf  they  bum  them  at  exceedingly  high  temperatures. 
They  do  not  depend  on  any  sintering  bond>  gotten  at  low 
heats.  I  sell  cones  to  manufacturers  of  silica  brick  of  that 
type,  and  theirs  is  almost  the  only  demand  I  have  for  cones 
over  number  twenty.  I  had  to  specially  make  cones  pretty 
near  to  the  top  of  the  series  for  these  people. 

Now,  in  brick  made  by  this  hydraulic  process,  with  say 
twice  or  three  times  as  much  lime  as  is  used  in  the  normal 
silica-brick,  why  should  we  expect  to  destroy  the  hydrous 
silicate  produced  in  hardening  kettle,  and  replace  it  with 
an  igneous  silicate,  without  going  up  to  high  temperatures? 
This  brick  is  put  forth  principally  as  a  building  material, 
and  Mr.  Peppel  has  shown  us  here  today,  the  different  quali- 
ties of  sand  and  their  effects,  what  impurities  may  safely  be 
present,  and  how  much.  He  has  shown  what  kind  of  lime 
is  best  and  the  amounts  which  may  be  used;  he  has  shown 
what  pressures  are  necessary,  both  in  the  die  and  the  steam 
cylinder.  Prom  my  point  of  view,  he  has  covered  about  all 
the  phases  of  manufacture.  Last  year  he  showed  us  about 
how  big  an  investment  was  necessary  to  get  started.  But, 
all  this  bears  upon  the  production  of  tolerably  cheap  brick 
for  building  purposes.  The  question  that  seems  to  me  most 
interesting,  is  where  this  particular  kind  of  brick  manufac- 
ture is  most  likely  to  take  root  to  advantage. 

Mr.  Pef>pel: — ^While  it  would  probably  be  possible  to 
compete  with  clay  brick,  in  the  heart  of  the  clay  country, 
provided  the  sand  and  lime  were  at  hand,  I  hardly  think 
that  in  the  next  ten  years  we  will  see  much  encroachment 
upon  clay  territory  by  the  sand-lime  brick.  The  fuel  con- 
sumption is  very  small,  so  it  is  desirable  to  try  it  first  in 
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a  locality  where  fuel  is  expensive.  For  that  reason,  those 
locations  should  be  first  selected  where  sand  is  abundant 
and  fuel  expensive.  It  certainly  has  the  best  chance  there, 
not  only  to  compete  with  clay  bricks,  but  to  get  large 
prices  for  the  product. 


^ 


i 


THE  FORMATION  TEMPERATURES  OF  CERTAIN 

SLAG  SILICATES* 

BY 
PSOFESSOB    H.   O.   HOFMAN,  PH.  D. 

The  Chair:  Gentlemen,  we  are  to  be  favored  this  even- 
ing with  a  lecture  upon  a  new  phase  of  our  field.  At  the 
earnest  solicitations  of  the  secretary,  Dr.  H.  O.  Hofman, 
Professor  of  Metallurgy  in  the  Massachusetts  Institute  of 
Technology,  has  kindly  consented  to  lay  before  us  the  results 
of  his  celebrated  investigations  on  the  **The  Formation  Tem- 
peratures of  Certain  Slag  Silicates'',  and  will  show  us  the 
apparatus  and  methods  he  used  in  prosecuting  his  researches. 
I  have  the  honor  to  introduce  Dr.  Hofman.     (Applause.) 

NOTE  BT  THE  SEOBETABY. 

Professor  Hofman,  after  making  a  few  graceful  introductory 
remarks,  entered  at  once  into  the  consideration  of  bis  subject.  The 
subject  matter  and  results  have  already  been  published  in  excellent 
form  in  the  Transactions  of  the  American  Institute  of  Mining 
Enii^ineers,  Vol.  29,  page  6S2. 

The  expense  precludes  their  republication  here,  but  those  Inter- 
ested may  procure  reprints  of  the  article  by  corresponding  with  Dr. 
Hofman  or  Dr.  B.  W.  Raymond,  Secretary  of  the  American  Institute 
of  Mining  Engineers,  New  York. 

DISCUSSION. 

Mr.  Karl  Langenbeck:  Dr.  Hofman,  you  say  that  all 
of  your  observations  relate  merely  to  formation  temperatures 
and  not  at  all  to  fluidity,  and  you  mention  about  the  diffi- 
culty of  finding  out  anything  about  that  factor.  When  we 
potters  want  to  compare  the  fluidity  of  two  glazes,  we  sim- 
ply make  cones  of  them  and  submit  them  to  heat  in  a  Seger 
furnace  on  a  slab  tilted  at  an  angle  of  forty-five  degrees. 
We  see  when  they  run  down,  which  is  most  fusible.  What 
objection  would  there  be  to  employing  that  method 
with  slags? 

Dr,  Hofman :  The  difficulty  with  slags  in  which  iron 
forms  a  part  of  the  base,  is  that  some  of  the  iron  exposed  to 
the  air  may  be  oxidized,  and  that  changes  its  fusibility. 
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Some  of  the  irreg^ularities  shown  in  my  charts  are  due  to 
changes  from  ferrous  oaddes  to  ferric. 

Professor  H.  A.  Wheeler:  Were  all  these  temperature 
observations  on  these  diagrams  made  by  means  of  Seger 
cones,  Dr.  Hof man,  or  with  the  Le  Chatelier  pyrometer  ? 

Dr,  Ho/man :  All  were  made  with  Seger  cones.  When 
I  first  began  these  experiments,  I  tried  to  use  the  Le  Chate- 
lier pyrometer.  I  took  the  slag  mixture,  and  first  put  it  in  a 
platinum  crucible  and  heated  it.  I  found  the  platinum  cru- 
cible converted  into  a  carbide,  and  not  being  rich,  we  could 
not  afford  it.  We  tried  another  experiment,  taking  the  Le 
Chatelier  junction,  and  casing  it  around  with  some  of  the  mix- 
ture, heating  it  carefully  at  first,  increasing  the  temperature, 
and  watching  the  increase  of  temperature.  The  point  of  re- 
tardation, or  momentarily  constant  temperature  shows  the 
point  when  the  silicate  is  formed.  That  formed  a  nice 
method  of  determining  temperature,  but  the  platinum  wires 
would  become  brittle  and  break,  and  we  had  to  give  up  the 
Le  Chatelier  pyrometer. 

Professor  Wheeler:  You  have  not  verified  any  of  the 
Seger  cones  by  means  of  Le  Chatelier  pyrometer? 

Dr.  Hofman:  No.  I  accepted  Cremer  and  Hecht  for 
that.  They  have  verified  them.  I  think  one  is  the  melting 
point  of  silver,  and  the  other  that  of  an  alloy  of  gold  and 
platinum  somewhere  higher  up.  I  forget  just  the  tempera- 
tures, but  there  are  one  or  two  fixed  points,  I  think,  and  be- 
tween these  two  fixed  points,  a  certain  number  of  Seger 
cones  have  been  interpolated.  One  melts  after  the  other; 
and  it  is  assumed  that  temperature  intervals  are  equal.  So, 
as  I  said  before,  in  using  Seger  cones,  if  you  want  to  be  sci- 
entifically correct,  you  must  leave  out  degrees  centigrade, 
and  give  your  results  as  occurring  at  Seger  cone  so  and  so. . 
Degrees  centigrade  are  only  used  to  bring  the  results  into 
comparison  with  pyrometers. 

Professor  Wheeler:  To  what  do  you  attribute  the  irreg- 
ularity of  the  curves?  J 

Dr.  Hofman :  Do  you  mean  in  curve  number  four,  sing- 
ulo-silicate,  where  it  makes  a  sudden  jog?  I  cannot  give 
any  reason  for  that.     Of  course  when  this  jog  appeared,  we 
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rather  began  to  doubt,  ourselves,  whether  that  point  was  the 
real  one,  and  I  cannot  just  say  how  many  experiments  were 
made  to  settle  it.  Why  it  should  go  down  here,  and  up  there 
(indicating  on  chart),  I  do  not  know,  but  it  is  a  fact 
that  it  does. 

Professor  Wheeler:  Don't  you  think  it  is  due  to  the 
irregular  way  in  which  Seger  cones  act? 

Dr.  Ho/man :  I  do  not  think  so,  quite.  I  think  any 
irregularity  is  not  due  so  much  to  Seger  cones,  as  to  the  fact 
that  it  is  so  difficult  to  keep  ferrous  oxide  in  a  ferrous  state. 
Take  a  mechanical  mixture  and  form  it  into  a  chemical  com- 
pound— if  you  get  within  fifteen  or  twenty  degrees  centi- 
grade of  the  actual  fusing  temperature,  I  think  you  are  work- 
ing very  closely. 

Another  point  to  be  considered,  is  that  the  formation 
change  of  a  mechanical  mixture  into  a  chemical  compound  is 
not  simply  a  function  of  temperature.  It  is  also  a  function  of 
time.  You  will  find  somewhere  of  record  (I  think  in  Cremer), 
where  a  porcelain  factory  in  Berlin,  baked  in  two  furnaces 
the  same  mixture  of  porcelain  (I  think  I  am  quoting  it  cor- 
rectly, tho  it  is  a  long  time  since  I  read  the  paper)  and  con- 
trolled the  temperature  with  a  Le  Chatelier  pyrometer.  In 
one  case,  they  fired  in  the  normal  way,  with  the  regular  rise 
of  temperature  until  they  reached  the  maximum,  and  then 
decreased  the  temperature  in  the  normal  way.  They  got  up 
to  a  certain  temperature  and  did  it  in  a  given  time.  The 
next  time,  for  some  reason  or  other  the  fireman  did  not  fire 
regularly,  and  instead  of  having  to  fire  to  the  same  point  to 
obtain  the  correct  baking  of  the  porcelain,  they  had  to  fire 
higher,  thus  showing  on  a  large  scale,  in  regular  work,  that 
this  change  of  a  mechanical  mixture  into  a  chemical  com- 
pound is  not  simply  a  function  of  temperature,  but  time  has 
something  to  do  with  it,  and  the  method  of  firing,  and  the 
form  of  furnace  has  something  to  do  with  it. 

Mr.  Langenbeck:  I  think  we  are  very  much  indebted  to 
you  for  this  expression  of  your  views.  We  have  waged  quite 
a  battle  with  Professor  Wheeler  on  this  point  for  several 
years,  and  he  has  tried  to  draw  from  you  evidence  to  support 
his  side.     (Much  laughter.) 
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Dr.  Hofman :  I  do  a  great  deal  of  work  with  the  Le 
Chatelier  pyrometer,  in  the  melting  point  of  alloys,  etc.  As 
soon  as  it  is  determined  that  a  thing  takes  place  at  a  definite 
temperature,  there  is  nothing  like  the  pyrometer;  but  the 
fusion  of  silicate  takes  place  in  a  range  of  temperature. 

Professor  Wheeler:  Dr.  Hofman  has  not  only  come  to 
my  side,  but  there  is  the  proof  in  black  and  white  (pointing 
to  the  charts  on  the  wall)  of  the  trouble  from  the  use  of 
Seger  cones. 

Dr^  Hofman:    I  disclaim  that. 

Mr.  Langenbeck:  I  will  ask  Dr.  Hofman  whether  there 
has  been  any  work  on  this  line,  running  more  into  the  acid 
silicates?  Our  interests  as  ceramists,  are  mainly  with  add 
silicates — little  or  nothing  with  basic  silicates. 

Dr.  Hofman:  As  far  as  I  know,  no  other  work  of  this 
kind  has  been  done,  in  which  iron  forms  one  of  the  bases. 
As  I  said  in  the  beginning,  Professor  Akerman,  of  the 
Royal  School  of  Mines  in  Sweden,  has  done  splendid  work 
on  the  blast  furnace  slags  or  the  silicates  of  alumina  and 
lime.  I  cannot  recall  off-hand  how  far  he  carried  it,  but  his 
paper  has  been  translated  into  several  languages — we  have 
it  down  stairs. 

Mr.  Langenbeck:  Another  question.  Of  course,  under 
the  line  of  your  work  in  formation  of  slags  attendant  upon 
the  reduction  of  metals,  it  is  only  the  form  of  ferrous  silicates 
that  interests  you.  At  the  same  time,  I  would  like  to  ask  if 
you  have  done  any  other  work  which  would  probably  give 
some  general  information  on  the  presence  of  ferric,  as  well 
as  ferrous  compounds?  It  seems  to  me  that  in  testing  the 
refractoriness  of  clay  containing  more  or  less  iron,  that  it 
would  be  important  in  stating  comparisons  against  Seger 
cones  to  mention  whether  under  oxidizing  or  reducing  con- 
ditions: otherwise,  the  comparisons  would  be  of  compara- 
tively little  value.  Isn't  that  the  case,  or  don't  you  think 
that  it  makes  much  difference  as  to  whether  the  iron  is  fer- 
rous or  ferric? 

Dr.  Hofman:  The  ordinary  fireclays  contains  such  com- 
paratively small  amounts,  I  doubt  whether  it  has  a  decided 
effect.     I  do  not  think  it  would  have  a  decided  effect.    In 
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the  laboratory  work  here  in  fire-clays,  we  use  the  DeVille  fur- 
nacei  and  of  course  the  clay  is  surrounded  entirely  with  gas- 
carbon,  and  I  do  not  think  there  can  be  any  strong  oxidizing 
reactions  taking  place.  It  may  be  a  different  thing  when 
put  into  an  open  furnace  and  tested  there. 

Professor  Edward  Orton^  Jr:  It  seems  to  me  that  Dr. 
Hofman  has  done  this  society  a  great  service  in  presenting 
this  phase  of  silicate  formation  to  our  attention.  I  have 
persistently  taken  the  attitude  during  the  formative  years  of 
the  society,  that  we  represent  the  whole  field  of  silicate  in- 
dustry. We  have  brought  into  the  organization  not  only  the 
potter  and  the  brickmaker,  but  we  have  also  ensnared  the 
cementmaker,  and  now  for  the  first  time,  we  have  had  an  ad- 
dress upon  a  phase  of  silicate  formation,  the  point  where  our 
sphere  touches  that  of  the  metallurgist.  Dr.  Hofman's  con- 
tribution should  be  especially  welcomed  on  that  account. 

I  have  listened  with  exceeding  pleasure  to  Dr.  Hofman's 
address  tonight.  My  own  experience  in  making  fusible 
glasses,  concerning  which  I  read  a  paper  a  year  ago,  con- 
firms the  general  character  of  his  curves  but  at  a  very  much 
higher  stage  of  silicate  formation.  I  was  dealing  with  acid 
glasses,  while  he  was  dealing  with  basic  ferro-calcic  silicates. 
His  plane  of  operation  is  below  mine,  but  if  I  could  plat  the 
two  curves,  they  would  be  substantially  parallel. 

Dr.  Hofman:  Professor  Akerman's  curve  is  similar  to 
that  one — so  there  are  three. 

Professor  Orion :  I  made  a  series  of  glasses  last  year  and 
found  that  with  what  in  your  method  of  expression  would  be 
a  five-fold  silicate,  I  had  ordinary  window  glass.  By  reduc- 
ing its  acidity  to  four,  it  reaches  a  slightly  more  fusible 
stage.  By  reducing  to  three,  we  get  approximately  about 
the  same  fusibility  as  four-silicate;  reducing  further  the 
curve  began  to  go  upward  again  as  yours  there  does,  tho  your 
series  and  mine  were  separated  by  a  wide  difference  of  tem- 
perature. 

Where  the  curve  makes  zigzags  like  that  after  repeated 
trials,  I  would  like  to  ask  whether  yon  think  it  fair  to  say  it 
is  due  to. the  mass  of  the  material  entering  into  the  formation 
of  definite  silicates,  at  the  low  point  of  the  curve,  and  to  the 
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ratios  being  such  that  there  is  a  good  deal  of  material  left 
over  in  other  cases,  which  does  not  enter  into  combination, 
and  thns  causes  the  high  points  of  the  curve? 

Dr.  Hofman :  This  is  a  question  of  solution.  We  now 
generally  look  at  slags  as  solutions  of  one  silicate  in  another; 
so  if  a  slag  is  composed  of  one  silicate  dissolved  in  another,  we 
obtain  low  fusion  temperatures;  and  when  we  get  an  excess 
of  either  acid  or  base,  it  does  not  so  readily  dissolve  and 
hence  causes  irregularities.  So  where  ^e  have  these  irregu- 
larities in  the  curve,  we  think  the  lowest  points  may  be 
reached  by  the  joint  solution  of  two  silicates,  and  the  higher 
points  may  be  the  only  mixture  of  the  two  silicates. 

Professor  Orion:  These  curves  of  Professor  Hofinan's 
slags,  seems  to  me  to  have  a  definite  bearing  on  the  subject 
discussed  yesterday  morning,  viz.,  the  formation  of  matt 
glazes.  When  we  fuse  up  a  mixture  for  making  a  matt 
glaze,  it  is  not  certain  we  shall  produce  a  compound  which 
will  crystallize  well.  But  if  the  theory  that  the  formation  of 
matt  glazes  is  due  to  compounds  which  readily  crystallize  be 
true,  then  it  seems  likely  that  there  are  certain  points  be- 
tween acidity  and  basicity  in  the  composition  of  the  glaze 
exceptionally  favorable  for  the  production  of  this  crystalliz- 
ing silicate.  Those  points  may  be  indicated  by  such  dips  or 
elevations  as  those  in  these  curves.  Other  points  between 
the  same  two  extremes  might  not  give  a  good  matt.  Those 
who  produce  matt  glazes  in  a  commercial  way,  state  that  the 
range  of  composition  and  temperature  within  which  they 
may  be  produced  satisfactorily  is  exceedingly  small.  That 
is,  you  must  get  scientifically  or  empirically  at  one  of  the 
points  where  some  particular  mineral  in  solution  in  the  glaze 
will  crystallize  out  easily  and  rapidly  and  with  such  a  size  of 
crystal  as  will  give  the  soft  silky  texture  and  sheen  which 
the  good  matt  shows.  Otherwise,  you  may  get  a  glaze  which 
is  matt  in  one  sense,  u  e. ,  not  bright  nor  glassy,  but  which 
is  simply  immature,  or  dull  from  the  segregation  of  matter 
either  insoluble  in  the  other  silicates  of  the  glaze,  or  which 
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is  cast  out  from  solution,  without  crystallizing,  as  amor- 
phous separations.  

On  motion,  the  president  extended  the  thanks  of  the  society  to 
Dr.  Hofman  for  the  presentation  of  a  leotore  in  which  the  memheni 
had  found  so  mnch  interest  and  wliich  was  so  pregnant  with  lines  of 
profitable  thought  and  investigation. 


"THE  STRUCTURE  OF  SILKATE  KtfXTURES-^* 

DiSCUSSlOK  BT  A.  V.  BliBlNINGlIB,  B.  80. 

The  note  on  **  The  Structure  of  Silicate  Mixtures,"  by 
H.  B.  Ashley,  touches  on  a  point  which  is  of  the  greatest 
interest  to  the  ceramist.  We  all  realize,  I  believe,  the  defi- 
ciencies of  purely  chemical  research  and  it  must  be  our  aim 
to  supplement  the  gaps  left  by  chemical  work,  with  physical 
methods  along  lines  similar  to  those  followed  by  the  metal- 
lurgist and  using  the  means  offered  by  physical  chemistry 
and  mineralogy.  It  will,  perhaps,  not  be  out  of  place  to 
look  over  some  of  the  scientific  equipment  now  available  for 
the  attacks  of  the  problem  of  the  constitution  of  the  sili- 
cates. We  have  at  our  disposal  the  following  physico- 
chemical  methods  of  investigation: 

1.  The  determination  of  melting  points. 

2.  Microscopic  and  mineralogical  examination. 

3.  Thermo-reactions  of  neutralization,  solution,  hy- 
dration and  determination  of  specific  heats. 

4.  Determination  of  water  of  hydration. 

5.  Velocity  of  reaction. 

6.  Optical  properties. 

7.  Solving  power  of  liquid  silicates. 

8.  Partial  solution  of  silicates  by  re-agents. 

9.  Determination  of  density,  elasticity,  tensile  strength, 
crushing  strens:th  and  hardness. 

10.  Co-efficient  of  expansion. 

11.  Blectrical  properties. 

Melting  point  determinations  of  silicates,  especially  of 
slags,  have  been  made  in  great  number  and  some  valuable 
information  has  been  drawn  from  them  as  is  shown  by  the 
work  of  Akerman,  Hofman,^  H.  E.  Ashley^  and  Jiiptner.* 

This  work  is  capable  of  great  extension,  especially  since 

^Original  paper  published  In  Tram- Am.  Ceramic  Society,  Vol.  IV. 
iTransactlons  American  Institute  of  Mining  Engineers,  Vol.  SO,  p  081 
sTransaetlons  American  Institute  of  Mining  Engineers,  VoLSl,  p  8M. 
•Blderology,  The  Gkslence  of  Iron.    Hanns  Frelherr  Von  Juptner,  translated 
toy  Charles  Baiter,  190S. 
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electric  furnaces  are  becomit],g  a  recognized  part  of  mineral 
laboratories,  thna  eliminating  the  factor  introduced  by  the 
fixe  gases.  The  work  done  by  several  members  of  this  so- 
ciety (Pro£  Orton,  Mr.  Purdy)  illustrates  this  point  very 
clearly. 

Microscopic  examination  also  offers  a  vast  and  exeeedh 
ingly  fertile  field,  which  should  be  cultivated  much  more 
than  it  is.  It  is  and  must  be  intimately  associated  with 
mineralogy.  Already  in  the  examination  of  raw  materials 
its  great  importance  is  shown.  Many  problems  can  only  be 
solved  with  the  aid  of  the  microscope.  The  character  of 
many  clays  can  be  fixed  definitely  only  by  means  of  it.  In  fact, 
the  application  of  the  microscope  has  advanced  to  such  a 
stage  that  it  has  been  suggested  by  an  eminent  authority. 
Prof.  Rosenbusch,  as  a  means  of  analyzing  rocks  quantita- 
tively in  thin  sections,  using  glass  slides  provided  with 
fine  cross-lines  which  divides  the  surface  into  squares.  The 
area  occupied  by  each  mineral  is  estimated  by  means  of 
a  simple  calculation,  and  in  this  way  the  rock  is  analyzed 
quantatively  for  its  mineral  constituents. 

The  qualitative  examination  of  crystals  produced  from 
silicate  mixtures  is  well  illustrated  in  a  paper  by  W.  Jack- 
son and  B.  M.  Rich.^  in  which  is  shown  a  number  of  micro- 
photographs  of  crystals  produced  on  the  surface  of  different 
glasses  by  etching  with  dilute  hydrofluoric  acid,  which 
bring  about  partial  solution.  It  seems  a  pity  that  these 
investigators  did  not  go  further  into  this  study  of  annealing 
the  glasses  for  longer  or  shorter  periods,  thus  producing 
crystals  in  greater  numbers  and  variety.  Take  for  instance, 
the  hard  glass  tube  of  a  carbon  combustion  furnace;  after 
being  heated  for  some  time,  the  glass  gradually  de-vitrifies 
and  finally  assumes  a  porcelain-like  appearance. 

It  does  not  seem  probable  to  the  writer  that  mere  con- 
densation of  vapors  on  glass  surfaces  will  give  a  satisfactory 
picture  of  the  micro-structure,  since  too  many  surface  phe- 
nomena are  liable  to  interfere,  and  since  the  surface  itself 
does  not  represent  the  structure  of  the  main  mass. 

Several  years  ago,  I  made  a  thin  section  of  a  paving 

1  Journal  Society  Ohemloal  Indnitry,  Vol.  XX,  p  669, 1901. 
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brick  specimen  collected  by  Prof.  Orton,  which  showed  in  a 
remarkable  manner  three  zones  of  vitrification,  1st,  good, 
sonnd  vitrification  with  red  color;  2nd,  over-vitrification,  ac- 
companied with  dark  color,  and  3rd,  the  beginning  of  vesicnlar 
vitrification.  Examined  nnder  the  microscope,  the  zone  of 
over-vitrification  was  distinctly  indicated  by  the  formation  of 
needle-like  crystals,  which  however  I  did  not  succeed  in 
identifying. 

Another  nse  of  the  crystallographic  examination  is  repre- 
sented by  the  work  of  Dr.  Schott,  who  in  the  eighties,  ex- 
amined fused  solutions  under  the  microscope,  allowing  them 
to  crystalize  out  and  observing  the  crystalization  in  its  very 
genesis.  By  means  of  a  gas  flame  and  suitable  shields  he 
kept  the  solution  at  a  red  heat  and  thus  was  able  to  regulate 
the  cooling  and  heating  up  at  will;  he  was  thus  able  to  redis- 
solve  crystals  noting  their  relative  melting  points.  In  this 
way  he  could  study  igneous  reactions  which  often  differ  radi- 
cally from  wet  reactions  involving  the  same  substances. 
Now  when  we  have  at  our  disposal,  electric  furnaces  of  all 
kinds,  it  would  seem  a  very  easy  matter  to  maintain  any 
desired  temperature. 

The  determination  of  specific  heats  should,  in  the  na- 
ture of  the  case,  give  valuable  constants,  and  could  be  ap- 
plied without  great  experimental  difiSiculties.  These  heats 
of  reaction  and  neutralization  as  applied  to  cements,  and 
soluble  silicates  in  general,  have  been  used  by  several  ex- 
perimentors  and  always  produce  valuable  comparative  con- 
stants. An  example  of  this  is  the  testing  of  lime  by  means 
of  the  calorimeter  in  which  the  heat  evolved  on  hydration  or 
by  solution  offers  a  rapid  commercial  method. 

The  determination  of  the  water  of  hydration  is  appli- 
cable to  clays  as  well  as  to  cements;  in  the  former  it  is  a 
well  known  fact  that  this  furnishes  an  index  of  the  purity  of 
clay.  In  testing  trass  for  cement-making,  the  content  of 
combined  water  is  made  a  point  of  commercial  importance. 
In  cements,  the  hydration  values  proved  valuable  supple- 
mentary evidence. 

The  velocity  of  reaction  is  applicable  to  clays  and 
glazes  only  in  a  limited  degree,  in  regard  to  the  rapidity  of 
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fasion.  Pot  cements,  the  velocity  of  the  hydration  reac- 
tion is  of  great  importance,  and  divides  cements  into  large 
characteristic  classes. 

The  optical  properties  of  glass,  the  indices  of  refraction 
and  dispersion  have  been  examined  quite  thoroughly  by 
Schott,  and  his  associates  at  Jena,  with  reference  to  the 
ratios  of  different  bases  in  the  composition,  but  I  do  not  be- 
lieve that  the  acidity  and  the  effects  of  systematic  additions 
of  alumina  as  applied  in  glazes  have  been  studied  from  this 
standpoint.  It  might  be  possible  that  the  application  of  the 
Lorenz  formula  could  throw  light  on  questions  of  constitu- 
tion. 

Polarization,  of  course,  properly  comes  under  the  head 
of  mineralogical  examination,  where  it  is  constantly  used. 
Colorimetric  examinations  (see  Ostwald  Physiko-Chemische 
Messungen,  page  246)  should  be  applied  extensively  for 
color  reactions  and  phenomena  in  glasses  and  glazes. 

The  solving  power  of  silicates  in  igneous  fusion  for  va- 
rious reagents  could  be  made  a  valuable  feature  in  ceramic 
work,  since  chemistry  as  a  whole  is  becoming  more  and 
more  a  question  of  solubility.  For  instance,  the  solving 
power  of  definite  glasses  for  certain  bases,  like  lime,  or 
acids,  like  tin  oxide,  at  certain  temperatures  must  be  a 
function  of  the  acid-base  ratio. 

Partial  solution  has  already  been  illustrated  by  citing 
the  work  of  Jackson  and  Rich,  who  used  hydrofluoric  acid 
to  etch  glass.  A  large  number  of  liquids  are  available  for 
this  purpose. 

The  determination  of  the  physical  properties  hardness, 
tensile  strength,  density,  elasticity,  crushing  strength,  etc., 
considers  properties  whose  importance  for  the  examination  of 
certain  bodies  depends  of  course  on  the  particular  substances 
under  discussion  and  the  purpose  of  the  examination. 
Messrs.  Jackson  and  Rich  made  use  of  the  difference  in  den- 
sity in  endeavoring  to  separate  the  diffierent  constituents  of 
the  extremely  fine  ground  glass,  assuming  that  the 'glass 
is  a  mixture  of  various  silicates  more  or  less  homogeneous, 
according  to  the  views  of  Benrath.  This  they  did  by  means 
of  theSchoene  funnel  and  the  Thoulet  solution,  a  suspension 
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method  using  a  methyl  iodide  solution  of  different .  den- 
sity, whereby  some  constituents  would  float  and  others  sink. 
The  probability  is  that  the  work  was  not  successful,  and  it 
would  perhaps  have  been  better  if  the  glass  had  been 
annealed  to  produce  crystallization.  In  this  connection,  it 
might  be  mentioned  that  Daubree^  already  has  shown  that 
ordinary  glass  is  decomposed  by  superheated  steam  into 
quartz,  woUastonite  and  alkaline  silicates. 

An  interesting  study  suggested  would  be  the  investiga- 
tion of  the  density  of  porcelain  at  various  stages  of  burn- 
ing. 

The  expansion  of  solids  by  heat,  the  co-efficient  of  ex- 
pansion of  glass  as  well  as  other  ceramic  bodies,  and  the  rate 
of  expansion  for  rising  or  falling  temperatures  promises  to 
give  valuable  constants,  the  difficulty  being,  however,  the 
extremely  delicate  measurements  and  the  great  amount  of 
time  consumed  in  this  work. 

The  least  promising  physical  data  are  perhaps  based  on 
electrical  phenomena,  electrical  resistance  and  the  study  of 
magnetic  fields  produced  by  electro-magnets.  A  number 
of  years  ago  the  writer  did  some  work  in  separating  grains 
of  iron  p)^tes  from  dried  clay,  oy  means  of  an  intense 
magnetic  field.  Though  the  experiments  were  not  com- 
pleted, they  were  successful  as  far  as  they  went. 

This  little  summary  is  intended  to  indicate  the  present 
scope  of  the  available  physical-chemical  methods,  for  one 
must  remember  that  theoretical  results  are  not  proven  by 
one  set  of  constants,  but  it  requires  several  coincident  expe- 
rimental factors.  At  the  same  time,  we  should  realize  the 
limitations  of  the  methods,  as  well  as  of  the  material  to 
be  examined.  For  instance,  microscopic  examinations  of 
soft  burnt  clay  will  reveal  but  little  and  should  not  be  ex- 
pected to  furnish  important  data. 

1  Ann.  des  Mines,  Series  V.  No.  IS,  1867. 
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THE  WORK  OF   THE  CERAMIC  ENGINEER  IN   THE 

BRICK-MAKING  INDUSTRY. 

BY 
WiLLABD  D.  BlOHABDSON,  A.  M.,  COLUMBUB,  O. 

There  is  constantly  increasing  evidence  that  mannfac* 
tnring  businesses  are  becoming  more  and  more  dependent  for 
success  upon  engineering.  Engineering  is  applied  science* 
and  all  business,  especially  all  manufacturing  business,' is  re- 
ducible to  a  scientific  system,  and  its  operations  to  certain 
definite  scientific  laws.  It  is  the  work  of  the  engineer  to  as- 
certain these  laws  and  apply  them  successfully  to  every 
special  case  under  his  charge.  The  commercial  value  of  an 
engineering  education  is  becoming  more  generally  appre- 
ciated by  business  men.  The  growing  popularity  of  engin- 
eering schools  and  the  constant  extension  of  engineering 
courses  is  a  marked  feature  of  our  recent  educational  devel- 
opment and  is  certain  to  be  far  reaching  in  its  influence  upon 
the  industrial  progress  of  America. 

Clay-working,  one  of  the  oldest  and  most  important  of 
the  practical  arts,  is  one  of  the  latest  to  receive  the  benefit 
of  scientific  instruction.  Legislators  have  only  recently 
been  brought  to  realize  the  industrial  importance  of  the 
ceramic  arts  and  to  make  appropriations  for  ceramic  depart- 
ments at  some  of  our  state  universities.  The  ceramic  en- 
gineer has  in  this  country  only  just  come  upon  the  field,  and 
his  labors  so  far  have  been  given  chiefly  to  pottery  and  the 
more  artistic  forms  of  clay-working.  To  arouse  greater  in- 
terest in  the  need  of  the  services  of  the  ceramic  engineer  in 
the  brick-making  industry  is  the  object  of  this  short  paper 
before  our  society.  In  the  brick-making  industry  I  include 
for  this  purpose  not  only  all  forms  of  building  brick,  paving 
.brick  and  fire  brick,  but  also  drain  ^  tile,  sewer  pipe,  roofing 
tile  and  terra  cotta. 

The  large  loss  of  money  in  the  brick  business  is  notori- 
ous.   There  is  hardly  a  community  that  has  not  experiented 
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some  failure  or  waste  of  capital  in  brick-making  enter- 
prises. In  consequence  even  legitimate  projects  in  this  line 
are  looked  upon  with  suspicion  and  often  cannot  secure  the 
confidence  of  investors,  and  thus  a  barrier  is  placed  to  the 
healthy  development  of  this  industry.  Of  course,  no  means 
can  be  found  that  will  entirely  prevent  unsound  ventures  in 
any  business,  but  a  large  majority  of  the  failures  in  the  brick 
business  can  and  should  be  prevented  through  the  agency  of 
the  consulting  ceramic  engineer. 

Brick  plants  are  often  established  without  good  reason, 
without  such  investigation  as  it  would  seem  that  ordinary 
business  sagacity  would  require.  They  are  perhaps  located 
where  the  clays  are  too  limited  in  quantity  and  too  varying  in 
quality,  or  practically  inaccessible,  the  cost  of  mining  being 
excessive,  or  not  suitable  for  the  product  desired;  or  where 
the  facilities  for  manufacture  are  unfavorable  or  the  market 
inadequate  or  remote.  Or  the  yard  may  have  been  improp- 
erly planned  and  equipped,  and  employing  a  process  for 
which  the  clays  are  not  adapted  or  against  which  there  is  a 
prejudice  in  the  market.  Or  the  machinery,  dryers  and 
kilns  are  not  such  as  should  have  been  selected  for  the  most 
satisfactory  and  economical  results.  In  fact  the  whole  estab- 
lishment shows  a  lack  of  technical  knowlege  that  should 
have  been  supplied  by  the  ceramic  engineer.  Had  he  been 
consulted,  perhaps  he  might  have  advised  after  a  prelimin- 
ary investigation,  the  abandonment  of  the  undertaking  on 
the  ground  that  the  conditions  were  not  favorable  for  profit- 
able investment.  Or,  after  exploiting  and  testing  the  clays 
and  carefully  examining  all  the  conditions,  his  favorable  re- 
port would  have  secured  him  a  commission  to  make  complete 
plans  and  specifications  for  the  construction  of  a  plant;  and 
so  well  would  he  have  fulfilled  this  commission  that  the  suc- 
cess of  the  enterprise  would  have  been  assured.  His  fees 
for  this  engineering  work  would  amount  to  a  very  small  per- 
centage of  the  cost  of  the  plant,  and  would  not  only  not  have 
increased  the  cost  of  construction,  but  his  services  in  prepar- 
ing definite  plans  and  specifications  upon  which  competitive 
bids  could  be  secured,  would  have  reduced  the  total  cost  by 
more  than  the  amount  of  his  fees. 
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The  ceramic  engineer  will  frequently  be  called  upon  to 
correct  fanlts  of  manufacture,  to  establish  more  economical 
methods  and  to  effect  such  a  reorganization  as  will  place  the 
plant  upon  a  paying  basis.  Sometimes  it  is  true  he  may  be 
called  in  too  late  when  the  money  is  all  gone,  the  property 
mortgaged  and  no  means  can  be  found  to  apply  the  neces- 
sary remedy.  Had  he  been  called  in  a  year  or  two  earlier,  he 
might  have  prevented  the  loss  of  several  thousands  of  dol- 
lars, but  at  that  time  perhaps  the  projectors  were  so  confi- 
dent of  success,  and  of  the  sufficiency  of  their  own  knowledge, 
that  they  would  have  been  unwilling  to  pay  a  few  hundred 
dollars  for  the  services  of  an  engineer. 

A  competent  consulting  engineer  should  be  a  man  who 
has  not  only  pursued  and  completed  a  scientific  course  of 
study  especially  applied  to  the  clay-working  industries,  but 
who  has  had  also  considerable  practical  experience  in  manu- 
facturing clay  products.  He  should  be  able  to  exploit  and 
test  clays,  and  advise  the  best  methods  of  working,  to  design 
factories,  dryers  and  kilns,  and  to  specify  the  proper  machin- 
ery. He  should  also  be  able  to  remodel  and  reorganize  old 
plants  and  wrest  success  from  failure  wherever  possible. 

Under  present  conditions  it  is  easier  to  outline  the  work 
of  the  ceramic  engineer  than  it  is  to  assure  him  of  such  em- 
ployment. However  beneficial  might  be  the  services  of  the 
ceramic  engineer  to  the  brick  manufacturer,  it  is  not  to  be 
expected  that  the  opportunity  for  such  service  will  be  readily 
afforded.  Brick  manufacturers  in  this  country,  and  especial- 
ly those  about  to  engage  in  new  enterprises,  are  not  yet  ed- 
ucated up  to  the  importance  from  a  practical  business  stand- 
point of  employing  a  consulting  engineer  to  investigate  their 
propositions,  or  faults  of  manufacture,  or  to  specify  improve- 
ments in  their  methods.  This  has  come  about  only  slowly  in 
other  industries  and  will  doubtless  be  of  slow  development 
in  ours.  So  that  while  there  is  a  splendid  field  of  labor  for 
the  consulting  ceramic  engineer  in  the  brick-making  indus- 
try, he  cannot  as  yet  be  assured  of  remunerative  employ- 
ment. And  the  ceramic  engineer  I  suppose,  like  all  other 
consulting  engineers,  must  needs  have  a  code  of  ethics  that 
would  prevent  any  active  solicitation  for  clients.     At  least 
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snch  solicitation  would  be  undignified  and  distasteful  to  a 
man  of  education  and  refinement,  however  much  he  might 
thereby  extend  his  usefulness.  But  at  any  rate,  it  must  be  in 
his  code  not  to  solicit  nor  accept  commissions  tirom  anyone 
on  account  of  labor  or  material  furnished  under  his  specifi- 
cations or  directions.  This  is  good  morals  for  others,  as  well 
as  for  engineers. 

Graduates  of  ceramic  schools  will  not  be  likely  to  as- 
sume at  once  the  profession  of  consulting  engineer,  and 
should  not  be  encouraged  to  do  so  until  they  have  had  several 
years  experience  in  practical  operations.  But  it  is  from  this 
class  of  men  that  engineers  for  the  brick-making  industry  are 
to  come.  This  has  been  the  result  of  technical  education  in 
Germany.  Ceramic  schools  established  there  long  ago,  have 
produced  a  class  of  engineers  that  have  devoted  themselves 
to  brick-making,  and  by  their  labors  this  industry  has  made 
such  progress  in  the  solution  of  technical  problems,  has 
been  brought  under  such  control,  has  been  made  commer- 
cially so  sound  and  profitable,  as  to  incite  the  emulation  of  all 
progressive  brick-makers  everywhere.  With  them,  brick- 
making  is  no  longer  an  empirical  art  but  an  established  sci- 
ence. The' construction  of  brick  work  is  not  with  them  a 
haphazard  matter,  a  *'rule-of-thumb''  procedure,  but  a  care- 
fully planned  and  accurately  calculated  undertaking.  All 
operations  of  manufacture  are  conducted  according  to  estab- 
lished ."^^cienctific  principles.  The  result  is  a  product  not  only 
adapted  for  the  purpose  for  which  it  is  to  be  used,  but  one 
that  has  been  economically  made,  thus  insuring  a  profitable 
investment. 

Such  will  be  the  results  in  this  country  of  the  educa- 
tional movement  now  in  progress.  Unsound  brick-making 
projects,  improper  equipment  and  wasteful  methods  will 
come  under  the  control  of  the  ceramic  engineer.  We  now 
undoubtedly  lead  the  world  in  the  efficiency  of  our  brick- 
making  machinery,  but  in  accurate  technical  knowledge  of 
clays,  and  the  best  methods  of  treating  them  for  special  pur- 
poses, in  a  scientific  system  of  drying  and  burning,  in  fact  in 
all  the  chemical  processes  involved  in  the  manufacture  of 
clay  products  we  have  much  to  learn,  and  there  is  only  one 
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way  to  learn  it^  and  that  is  by  the  training  of  our  young  men 
in  technical  schools,  giving  them  a  thorough  coarse  in  cera- 
mic engineering.  The  rest  will  follow.  Such  of  these  men 
as  enter  the  brick-making  industry,  will  gradually  bring 
about  a  more  scientific  system,  that  will  give  more  positive 
and  certain  results,  a  better  product  at  less  cost,  a  business 
with  less  risk. 

The  time  will  come  when  few  brick  plants  of  any  pre- 
tensions will  be  built  without  the  advice  and  assistance  of 
the  ceramic  engineer.     He  will  be  engaged  at  the  start  to 
exploit  the  clay  deposits,  make  analysis  of  the  clays  and 
practical  demonstration  of  their  value.     He  will  also  exam- 
ine all  the  conditions  that  have  a  practical  bearing  upon  the 
proposed  establishment.     His  report  upon  all  these  points 
will  determine  the  action  to  be  taken.     If  he  reports  favora- 
bly, and  recommends  the  project,  the  next  thing  is  to  prepare 
plans  and  specifications  for  the  complete  plant,  having  in 
view  the  nature  of  the  material,  the  kind  of  product  desired, 
and  the  amount  of  capital  to  be  invested.     This  will  call  for 
his  best  skill  and'  judgment,  as  upon  it  depends  largely  the 
success  of  the  whole  business.     He  will  supervise  the  con- 
struction and  starting  of  the  plant,  and  give  instruction  in 
all  the  operations  of  making,  drying  and  burning.     He  will 
act  as  consulting  engineer  in   investigating  and  correcting 
any  faults  or  difficulties  of  manufacture  that  may  arise. 
This  in  brief  is  the  work  of  the  ceramic  engineer  in  the 
brick-making  industry;  to  give  to  it  his  time,  his  energies  and 
a  mind  specially  trained  for  the  study  and  solution  of  cera- 
mic problems,  and  thoroughly  alive  to  the  importance  and  to 
the  possibilities  of  the   brick-maker's  art.      Through  his 
agency  alone,  the  first  quarter  of  the  20th  century  will  wit- 
ness such  advancement  in  the  art  of  brick-making,  such  im- 
provement of  all  conditions  of  manufacture,  such  an  eleva- 
tion of  the  financial  standing  and  social  status  of  the  brick- 
maker  as  will  give  to  brick-making  a  foremost  place  among 
the  world's  industries. 


NOTES  ON  THE  CONSTITUTION  OF  CHROME-TIN 

PINR 

Discussion  by  Owen  Cabteb.* 
Poole,  EngijAnd. 

Referring  to  Mr.  Hull's  interesting  paper  in  Vol.  IV  of 
the  Transactions,  on  the  "Constitution  of  Chromium-Tin 
Pink'',  I  would  beg  to  submit  the  following  notes.  I  fear  that 
my  remarks  on  this  subject  will  not  be  as  suitable  as  I 
could  wish,  owing  to  the  fact  that  we  English  potters  fire 
our  Majolica  glazes,  colored  glazes  or  enamels,  as  they  are 
variously  called,  at  a  lower  heat  than  our  American  friends 
appear  to  do.  Again,  I  am  not  quite  sure  if  the  color 
Mr.  Hull  was  working  upon  was  of  the  same  kind  as  the 
piece  I  enclose,^  and  propose  speaking  of,  which  in  England 
is  known  as  "  Sang  de  Boeuf,"  a  very  popular  color  and 
considerably  in  demand.  There  are  of  course  innumerable 
chromium-tin  shades  and  colors,  but  this  deep,  rich  tint  was 
that  with  which  we  had  most  trouble,  and  may,  I  think, 
be  taken  as  more  or  less  representative  of  the  whole  group, 
even  though  the  maturing  point  of  the  glazes  be  different. 

I  understand  that  Mr.  Hull's  experiments  were  con- 
ducted with  the  object  of  gaining  information: 

Firstly.  As  to  the  most  favorable  composition  of  the 
pink  frit,  and 

Secondly,  What  type  of  low  fire  glaze  developes  the 
color  to  the  best  advantage. 

With  regard  to  the  first  question  I  do  not  think  it 
much  matters  what  formula  one  takes,  provided  it  is  one  of 
the  many  that  will  make  a  decent  strong  pink,  crimson,  or 

*Read  by  title  at  Boston  meeting.    Farther  dlBonsBlon  tpeolally  Inylted. 

iNote  by  the  Secretary.  Mr.  Carter  sent  with  his  paper  Beverai  small 
shards  glazed  very  handsomely  with  one  of  the  finest  ohrome-tln  red  glaxes  It 
has  ever  been  his  fortune  to  see. 
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maroon  underglaze  color.  What  the  exact  tint  may  be  when 
nsed  as  an  nnderglaze  color  can  hardly  matter  in  the  least, 
as  when  it  comes  to  be  mixed  with  the  glaze^  its  propor- 
tions are  entirely  npset.     We  use  the  following  for  the 

pink  frit: 

26  parts  oxide  of  tin. 

14  parts  wliiting. 

1    part   bichrctmate  of  potash. 

thoroughly  mixed  and  calcined  in  the  hardest  place  in  our 
vitreous  kiln. 

The  second  question  is,  in  my  opinion,  the  all  important 
one.  I  am  ashamed  to  think  now,  of  the  many  trials  made 
and  the  time  they  took,  not  to  speak  of  the  trade  lost,  before 
we  succeeded,  and  all  because  we  did  not  realize  the  im- 
portance of  this  second  question  of  Mr.  Hull's,  Some  times 
(probably  because  the  heat  was  by  chance  just  suitable) 
we  would  get  fair  results,  and  feel  sure  we  must  be  on  the 
right  track,  but  on  trying  again  the  same  recipe,  the 
color  would  be  either  not  developed  or  gone  entirely,  be- 
cause probably  the  exact  heat  had  not  been  hit  upon,  and 
such  an  exactness  of  temperature  was  in  practice  impos- 
sible. This  sort  of  thing  is  far  worse  than  downright  fail- 
ure, for  it  keeps  one  hanging  on  and  wasting  time.  At 
last,  it  dawned  upon  us  that  the  trouble  might  be  in  the 
glaze,  so  .we  took  two  frits  rich  in  lime  and  silica,  one  al- 
kaline and  the  other  a  soft  lead  frit. 


Alkaline  Frit. 

Borax       -       -       -  150 

FUnt    -       ...  75 

China  day      -       -  60 

Whiting     ...  50 


Soft  Lead  Frit. 

Litharge 
Cornwall  stone  - 
Flint 
Whiting      - 


mixing  them  with  the  pink  underglaze  color  thus: 


2i0 
90 
60 
10 


A 

B 

C 

D 

E 

F 

G 

Soft  lead  fWt 

80 
2 

25 
6 
2 

20 

10 

2 

15 

15 

2 

10 

20 

2 

6 

25 

2 

Alkaline  frit 

30 

Pink  nndenrlAze 

2 
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These  were  fired  at  cone  09,  the  results  being  as  fol- 
lows: 

A.  Rich  mellow  red,  but  rather   too   brown,    hardly   life 
enough,  but  still  a  beautifdl  color. 

B.  A  little  more  red  than  A. 

P  I  Beautifdl  bright  crimsons. 

£.    Gk>od  crimson  but  decided  tint  of  purple. 

F.  A  stronger  tint  of  undesirable  purple. 

G.  Disagreeable  bluish  purple  color. 

Some  delay  was  now  occasioned  by  '*A"  being  the 
most  mellow  and  artistic  shade,  and,  thinking  a  little  more 
fire  would  develope  a  brighter  color,  we  made  more  expe- 
riments on  this  line.  But  it  was  soon  discovered  that  it  re- 
quired too  exact  firing  for  practical  purposes  and  that  when 
"C  "  and  "D"  would  be  still  bright  and  good,  "A"  would  be 
spoilt  entirely.  Then  we  tried  a  harder  lead  frit  for '  *  A,"  still 
using  no  alkaline  frit,  the  result,  though  better,  was  still  un- 
satisfactory in  the  same  way  as  before.  It  was  therefore 
decided  to  try  and  make  "C"  and  **  D"  more  mellow  with 
chromate  of  lead,  which  proved  successful.  The  following 
frit  was  then  constructed  which  will  be  seen  to  be  100  parts 
of  the  soft  lead  frit;  60  parts  of  the  alkaline  frit: 


Borax  -  -  90  ^ 
Flint  -  -  -  96 
China  clay  -  80 
Whiting  -  -  40 
Litharge  -  -  240 
Cornwall  stone  •  90 
Mar(»on  underglaze29 
Chromate  of  lead      6 


Frit  at  09  cone,  grind  and  dip  with- 
out admixture  of  any  raw  ma- 
terial. 

We  wash  neither  the  under-glaze 
color  nor  the  frit,  but  ft  might  be 
better  if  this  were  dona 


620^ 

Small  charges  of  this  color  were  fritted  in  flinted  saggers 
in  front  of  enamel  kilns  at  09,  and  thorough  trials  were  made 
in  different  kilns.  It  was  found  to  stand  slight  variations 
of  heat  better  than  we  had  dared  to  hope;  the  color  also, 
seemed  to  be  the  popular  shade.  No  further  alteration  in 
the  recipe  was  then  made,  and  the  formula  now  stands  aa 
above,  some  tons  of  frit  having  since  been  made  from  it. 
This  method  of  calcining  in  saggers  in  the  fronts  of 
enamel  kilns  was  soon  found  inadequate,  as  the  «olor  was 
selling  too  i^ell  to  keep  going  in  this  way.    We  therefore 
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thought  we  would  try  fritting  it  in  the  crucible  kiln,  the 
crucibles  being  fed  at  the  top,  and  the  molten  frit  running 
out  into  water  through  a  hole  in  the  bottom  of  the  crucible. 
The  type  I  mean  is  of  course  well  known  to  you  all.  What 
was  my  horror  when  walking  round  the  works  a  day  or  so 
after  this  was  decided  on,  to  see  the  crucible  kiln  in  full 
swing,  and  a  bright  grass-green  frit  in  the  casks,  which  I 
was  told  was  '^  Sang  de  Boeuf."  Needless  to  say,  I  stopped 
the  fritting  at  once,  had  some  frit  ground,  and  trials  of  it 
got  in  the  kilns  with  as  little  delay  as  possible.  I  fully  ex- 
pected them  to  come  out  a  bright  green  like  the  frit,  but  to 
my  surprise  and  delight,  they  were,  if  anything,  a  brighter 
and  better  red  than  tiles  dipped  from  frit  which  had  been 
calcined  in  saggers. 

Thus  ended  our  troubles,  up  to  the  present,  with 
this  particular  color,  and  if  the  narration  of  our  fruitless 
labor  knd  the  way  success  was  attained,  will  help  our 
fellow  potters,  we  snail  be  more  than  glad.  The  recipe 
is  probably  capable  of  improvement,  but  in  a  pottery  there 
are  so  many  things  to  do  that  one  can  only  spare  time  for 
the  most  urgent. 


Discussion  by  Otto  Hensel, 
New  Lexington,  Ohio. 

An  attractive  red  glaze,  with  a  tinge  of  yellow,  or  at 
least  without  trace  of  the  ordinary  purplish  color  being  very 
desirable  in  terra  cotta  effects,  I  made  some  experiments 
in  trying  to  obtain  it  by  the  use  of  tin,  chrome,  and  lime. 

The  body  was  ferruginous  and  quite  high  in  alkaline 
earths.  The  only  kilns  available  for  fritting  the  color  and 
firing  the  glaze  were  the  ordinary  down-draft,  and  the  Stew- 
art kiln,  a  modification  of  the  down-draft,  wherein  the  fire- 
gases  pass  through  flues  under  the  solid  floor,  up  through 
bags  or  flash-walls  on  the  opposite  sides  respsctively,  then 
down  through  the  setting  and  out  through  small  flues  near 
the  bottom  in  the  walls  of  the  other  two  sides.  Oil  was 
used  for  fuel. 

If  Cer. 
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The  most  remarkable  oxidizing  conditions  appeared  to 
prevail  on  the  floor  and  for  several  feet  up  in  these  solid- 
bottom  kilns.  Almost  any  haphazard  mixture  of  the  ingred- 
ients required  for  pink  and  the  allied  reds  would  give  beaut- 
ful  clear  glazes  of  a  desirable  color.  I  may  add  that  the 
glaze  was  put  on  the  raw  body,  and  had  to  undergo  the  slow 
firing  required  for  green  ware.  The  above  circumstance 
lured  me  into  an  unproductive  attempt  to  use  the  tin-chrome 
formulae  under  down-draft  firing  conditions.  The  solid-bot- 
tom Stewart  kilns  were  altered  to  ordinary  down-draft  in  the 
course  of  my  work. 

At  first,  color  batches  were  fritted  on  the  floor  of  the 
solid-bottom  kilns,  where  a  temperature  probably  equal  to 
Cones  04  and  03  was  reach.  Pulverizing  and  a  second  firit- 
ting  was  found  to  produce  much  more  stability  and  strength 
of  color  in  the  glaze.  An  intermediate  washing  also  im- 
proved the  color  to  some  extent. 

The  first  series  of  colors  produced  very  fine,  almost 
direct  reds,  under  oxidizing  conditions,  but  were  badly  re- 
duced otherwise.    The  best  of  this  series  were: 

oiSoSo   i     0.002  CrOa  I     0.14  BsO«  +  0.08  8nO« 

2     OORnISoI     0.08A1,0«)     0.70SiO.     .  onRRnO. 
0."42C^J     0.008  CrOs  J     0.10  BsOa  +0.08SnOi 

In  the  amounts  given  here,  they  were  added  in  a  glaze 
in  which  the  RO  including  these  given,  footed  up  1.00. 
The  first  color  gave  a  fine  deep  red,  lead  being  0.44  equiva- 
lents in  a  medium  hard  glaze.  Even  when  reduced,  the  re- 
duction was  not  complete.  The  second  color  with  some- 
what less  spar  and  0. 48  equivalent  lead  gave  a  beautiful  yel- 
lowish red,  a  sort  of  crimson,  and  proved  rather  stable  under 
reducing  conditions. 

The  formulae  given  by  Seger  in  his  article  on  under- 
glaze  colors,  such  as, 

o      0.082  NaaO)     AODrw^      /    0.900  SiOj    .i  nnca^n. 
^     0.750  CaO   [     0.08CrQ8      |    0.064  BsOs  +  ^'^  ^^^ 

^     Si^S^P}    0.01  CrO.      SSSa+^-OOSnO. 

^     'A^\     0.028CrO»    {J:Sgga+l-008nO. 
were  next  tried. 
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These  colors  gave  their  finest  results  in  glazes  in  which 
the  RO  was  composed  as  follows: 

Lead — About  0.50  equivalents,  although  it  went  to  0.63 
in  one  fine  glaze,  in  which  one-eighth  of  color  number  3  was 
mixed  so  as  to  have  the  following  total  composition: 

o'^KN^oi     0.004  CrOaf     ai08  BtOs  ^^"^^  ®^^ 

This  glaze  showed  some  bubbling,  due  most  likely  to 
low  alumina.  The  red  developed  well  in  this  glaze,  though 
it  was  very  susceptible  to  reduction.  Aside  from  the  color 
and  some  quicklime,  all  the  ingredients  used  here  were  raw. 

Soda — Inclusive  of  what  little  spar  I  could  use,  0.25 
equivalents,  or  less.  High  soda  was  conducive  to  stability, 
and  produced  more  yellowish  effects  as  against  the  purplish 
of  high  lime. 

Potash — As  carbonate  or  nitrate,  gave  a  more  pleasing 
color  than  soda,  but  in  the  few  trials  that  I  made,  I  found 
the  glaze  rather  more  susceptible  to  reduction. 

Lime — Had  to  be  as  high  as  0.25  to  0.36  equivalents. 

Zinc — ^Was  found  to  be  of  no  service. 

Boric  Acid — 0. 10  equivalents,  although  a  very  beautiful 
deep  purple  was  obtained  with  0.16  equivalents. 

The  next  experiment  tried  was  a  series  of  colors  to  see 
what  good  would  come  of  the  incorporation  into  the  color 
frit  of  all  the  elements  required  in  the  development  of  color 
under  our  conditions.  The  frits  were  fired  in  the  kiln  along 
with  the  ware,  at  about  Cone  07. 

The  following  formulae  show  what  part  of  the  glaze, 
whose  total  RO  equals  unity,  was  fritted  as  the  color-intro- 
ducing compound: 

fl      O^nISoI     0.0aAUOsl     0.68  SiO,    4.  oiOTSnO. 
O.»0ft0  i    0-«»CrO»;    0.06  B.O.   +"-i*nBno, 

Of  these  three  color-frits,  number  6,  while  less  stable 
under  reducing  influences  than  those  colors  based  on  Seger's 
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underglaze  reds,  appeared  to  give  the  most  desirable  effect 
in  terra  cotta  work  of  any  in  my  list. 

Number  seven  appears  as  a  slightly  more  pleasing  color 
effect,  though  it  seemed  to  a  small  degree  less  stable. 
Number  eight  gave  a  quite  direct  red. 

The  Stewart  kilns  having  been  remodeled  during  these 
tests  by  taking  out  their  closed  bottoms,  and  thus  converting 
them  into  ordinary  down-drafts,  it  became  much  more  diffi- 
cult to  get  purely  oxidizing  conditions.  The  colors  had 
now  to  be  fritted  in  the  middle  of  the  setting.  In  order  to 
make  them  at  all  serviceable,  the  borax  had  to  be  increased, 
thus  adding  to  the  stability  but  detracting  from  the  pleasing 
tone  of  the  color. 

In  experimenting  to  find  how  much  boric  acid  must  be 
added  to  meet  this  change  in  conditions,  I  found  the  two 
following  most  stable: 

Reduction  of  lime  showed  weakness  of  color,  from  lack 
of  development  or  reduction. 

The  introduction  of  barium  to  the  glaze  seemed  to  give 
great  promise  at  first,  for  a  content  as  high  as  0.14  equiva- 
lents in  the  glaze  appeared  to  make  the  color  absolutely 
proof  against  reducing  influences,  but  a  counter  trouble  arose 
at  once  from  infusibility  of  the  glaze.  When  it  happened 
that  the  ware  was  rather  over-fired  at  top,  a  very  fine  direct 
red  was  the  result;  but  in  the  middle  of  the  kiln  the  glaze 
appeared  rou^h  and  dead,  besides  being  of  a  bluish  purple 
tinge.  Fritting  of  barium  did  not  seem  to  help  matters  any. 
The  addition  of  0.06  to  0.08  equivalents  did  not  seem  to 
alter  the  shade  so  very  much,  though  it  added  materially  to 
the  stability  of  the  color. 

The  use  of  an  engobe,  under  the  glaze«  was  not  resorted 
to  very  extensively,  as  I  had  not  at  that  time  worked  out  a 
first-class  composition.  Some  trials  were  made  with  an  en- 
gobe specially  prepared  to  aid  the  gla;Ee  to  resist  reduction, 
and  A  great  improvement  was  noted.    Bariom  again  wasthfc 
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most  powerful  agent,  but  even  without  it,  the  results  showed 
improvement.     The  best  composition  was  as  follows: 

0.60  NatO^ 

,.      0.10  KjO    1         o»iAl,0«     /  8.60  SiOj 
^^      0.20  BaO    f        "-S&AljUs     \  0.20  BsOs 

0.20  GaO  j 

This  engobe  required  a  frit,  as  did  all  the  other  service- 
able ones. 

This  closed  my  experimental  work  on  this  interesting 
subject.  I  had  succeeded  in  producing  a  stable  red  glaze  at 
our  heat  and  under  our  firing  conditions,  but  it  was  not  of  a 
very  attractive  or  desirable  color.  It  is  possible  that  the 
low  temperatures  at  which  I  had  to  work  both  for  fritting 
and  fusing  the  glazes  made  the  task  peculiarly  difficult. 

My  experiments  seemed  to  me  to  be  reasonably  com- 
plete on  the  points  involved,  and  there  remained  but  one 
line  of  attack  which  was  still  open  to  us,  viz,  fritting  the 
color  at  very  high  heats.  Whether  a  stable  red  of  good  color 
can  be  produced  at  high  temperatures,  which  will  still  re- 
main good  when  dissolved  in  raw  glazes  fired  at  low  tem- 
perature, under  such  conditions  as  prevail  in  roofing  tile 
manufacture,  I  do  not  know. 


Discussion  By  Boss  C.  Pubdy, 
Columbus,  Ohio. 

Notwithstanding  the  fact  that  the  manufacture  and  use  of 
chrome-tin  pink  has  become  very  general  among  the  potters, 
and  that  the  formulae  and  directions  for  its  preparation  are 
given  in  many  books,  but  little  is  known  of  its  character- 
istics and  peculiar  behavior  under  varying  conditions. 

Most  potters  are  very  loth  to  give  the  slightest  infor^ 
mation  as  to  how  they  make  and  use  it,  holding  their  infor- 
mation strictly  secret.  Very  few  investigators  have  pub- 
lished their  results  on  this  subject,  and  when  they  have,  it 
has  nearly  always  had  reference  to  some  minute  detail, 
which  alone  would  not  give  the  reader  much  of  an  idea  of 
the  subject  as  a  whole.    Thus,  it  is  with  great  interest  that 
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potters  and  scientific  investigators  have  read  what  Seger 
has  given  ns,  and  later  the  paper  of  Hull  in  Vol.  IV  of  these 
Transactions.  Much  valuable  information  has  been  pub- 
lished by  these  two  writers,  and  it  is  hoped  that  these 
publications  are  but  the  beginning  of  a  more  general  dis- 
cussion on  the  subject.  There  surely  cannot  be  any  good 
reason  to  keep  secret  data,  which,  if  collected,  would  un- 
doubetedly  result  in  making  clear  the  exact  conditions  which 
govern  the  most  successful  manufacture  of  this  useful  but 
comparatively  little  understood  color  phenomenon. 

The  purpose  of  this  note  is  not  to  describe  any  series 
of  experiments  made  on  chrome-tin  pink  glazes,  but  to  dis- 
cuss the  results  of  HulPs  investigations  in  the  light  of  my 
own  experience. 

Adopting  Hull's  scheme  of  approaching  the  subject,  the 
question  of  the  most  favorable  composition  for  the  pink 
frit  will  receive  first  attention. 

His  series  were  well  planned  to  show  the  eflFect  of  vary- 
ing amounts  of  the  ingredients  on  the  resultant  color  stain. 
Lack  of  time  was  undoubtedly  the  reason  why  various 
compounds  of  lime  and  chromium  were  not  experimented 
with,  but  they  should  be  before  such  sweeping  conclusions 
as  he  made,  were  drawn.  For  instance,  if  fluorspar  or  gyp- 
sum were  tried  as  sources  of  lime  or  potassium  bi- 
chromate, lead  chromate  or  chromium  sesqui-oxide  as 
sources  of  the  chromium,  he  would  have  found  a  marked 
contradiction  to  some  of  the  results  as  obtained  with  the 
ingredients  he  used. 

In  the  first  place  he  did  not  approach  practical  working 
conditions  when  he  used  chromic  acid,  for  potters  so  far  as  I 
know,  never  use  it.  Its  end  reaction  on  the  other  ingredi- 
ents cannot  be  the  same  as  other  chrome  compounds  are. 
It  is  analogous  to  the  proposition  of  using  potassium  carbo- 
nate in  place  of  feldspar,  in  any  given  formula. 

It  may  be  argued  that  the  chromic  acid  would  reduce 
very  readily  to  chromic  sesquioxide,  and  would  thus  act  as 
when  added  as  such  with  the  advantage  of  a  more  thorough 
distribution  throughout  the  mass  of  stain.    Is  the  effect  of 
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SiOfl  in  a  body  the  same  whether  added  as  quartz  or  soluble 
silicic  acid  ?  ^ 

Then  again  he  stepped  beyond  practical  limits  when  he 
calcined  his  ''pink  frit*'  at  cone  16.  Certainly  he  can  obtain 
pink  frits  at  such  a  heat,  as  his  own  work  proves,  but  that 
does  not  justify  him  in  drawing  the  conclusion  that  ''it  is 
evident  that  a  high  temperature  is  necessary  for  the  develop- 
ment of  a  frit  which  will  produce  a  pink  color  in  a  glaze." 

The  writer  has  made  good  chrome  pink  stains  or  frits 
both  at  cone  8  and  cone  4,  but  the  dest  were  calcined  at  cone  4. 
Heats  higher  than  these  are  obtained  in  but  comparatively 
few  potteries  where  chrome-tin  pink  is  produced  to  any  ex- 
tent, yet  they  are  meeting  with  good  success. 

Prom  what  he  writes,  it  would  be  inferred  that  he  cal- 
cined his  pink  stain  but  once.  It  is  the  general  experience 
that  recalcination,  after  having  washed  and  re-ground,  pro- 
duces the  best  results;  hence^  it  is  the  general  practice  now 
to  re-calcine  the  stain. 

In  choosing  his  best  composition  for  a  chrome-tin  pink 
stain  be  takes  into  account  the  following  consideration:  ^ 

'^  The  tin  might  be  raised  without  detriment  to  the  frit 
itself,  but  it  is  not  considered  desirable  to  introduce  more 
tin  than  is  necessary  into  soft  fire  glazes.  It  may  be  that 
the  tin  could  be  decreased,  but  the  results  of  these  experi- 
ments do  not  indicate  that  this  could  be  done  to  any  consid- 
erable extent." 

To  compare  my  results  with  Hull's,  five  of  the  best 
stains  (frits)  which  were  calcined  at  cone  4  in  48  hours 
are  tabulated  on  page  252. 

The  per  cent,  of  SnOg  in  Hull's  No.  1 5  stain,  Series 
A-III  is  62.3+  and  of  No.  16,  47.3  per  cent.  The  average  of 
these  two  stains  agrees  in  the  percentage  amount  of  SnOs 
with  those  found  in  the  table  on  page  252. 

His  statements  as  to  the  limits  of  variation  in  the  amount 
of  SnOg  best  to  use  in  a  stain  are  very  true.  Neither  his 
nor  my  results  would  indicate  that  the  tin  could  be  decreased 
to  any  considerable  extent.     And  if  50  per  cent.  SnOs  will 

1  Transaotions  Am.  Ceramic  Society,  Vol.  Ill,  page  26. 
8  IMd,  Vol  IV,  page  S86. 
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suffice,  of  course  it  is  not  desirable  to  introduce 
more.  But  it  is  not  desirable  principally  for  the  economic 
reason,  and  not  because  it  is  objectionable  in  a  soft-fire  glaze. 

In  his  fourth  consideration,  he  justifies  Seger's  use  of 
more  tin,  because  his  stain  was  intended  for  higher  fire  glaze; 
and  assumes  that  amount  of  tin  would  be  detrimental  to  a  soft- 
£re  glaze. 

What  is  the  office  of  tin  in  a  glaze,  and  does  it  enter 
into  the  glaze  composition  chemically,  so  as  to  materially  al- 
ter its  pyro-chemical  behavior? 

S.  Burt^  proved  in  very  pretty  and  unique  experiments 
that  tin  is  slightly  soluble  in  silicates  and  seemed  justified  in 
concluding  that  the  soft-fire  glazes  do  take  some  tin  into  so- 
lution. But  he  proved  also  that  but  very  little  was  dissolved 
or  at  least  but  little  remained  in  solution.  The  bulk  of  the 
tin,  even  when  only  0.02  equivalent  was  added  to  the  glaze, 
remained  undissolved. 

Stover^  gives  a  formula  of  a  cone  12  glaze  where  .04 
equivalent  SnOa  has  not  gone  into  solution. 

We  are  safe  then  in  concluding  that  not  much  tin  goes 
into  solution  whether  added  raw,  and  in  a  frit,  or  in  a 
stain,  at  a  high  or  low  heat. 

The  question  then  is  how  much  tin  can  we  add  without 
•detriment  to  a  soft  fire  glaze  ?  I  do  not  know.  I  have  used 
"0.2  equivalent  Sn03  for  ordinary  fritted  white  enamel  of 
practically  the  same  composition  as  the  red  glaze,  and  made 
to  fire  on  the  same  ware.  I  have  never  used  a  chrome-tin 
glaze  having  over  0. 18  equivalent  Sn02>  and  have  used  suc- 
cessfully as  low  as  0.'07S  equivalent  SnOa,  the  best  success 
1>eing  one  with  only  0.10  equivalent  Sn03. 

The  question  of  the  use  of  more  or  less  tin  in  a  stain  is 
not,  then,  one  of  its  adaptability  to  a  soft  or  hard  fire  glaze, 
l>ut  rather  one  of  necessity  and  economy. 

For  example,  take  stain  four  in  the  above  table;  0. 1 
•equivalent  (Sn02-unity)  gave  a  very  deep  red  with  good  body 
to  the  color.  With  double  that  quantity,  I  did  not  get  a  de- 
4sirable  color  effect,  but  the  glaze  was  not  impaired.    Now, 

1  Trsns.  Amerloan  Oeramio  Boolety,  Vol.  IV,  page  180. 
S  Trans.  American  Oeramio  Soeiety,  Vol.  IV,  page  144. 
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if  there  is  sufficient  tin  in  that  stain  to  produce  the  desired 
color  and  covering  power  by  the  use  of  only  0.1  equivalent^ 
it  does  no  seem  necessary  to  use  more. 

Prom  Burt's  experiments  before  quoted,  we  learn  then» 
that  the  office  of  Sn02  is  not  that  of  a  flux  or  acid,  for  it 
does  not  go  into  combination  with  the  glaze,  but  that  it  re- 
mains inert  and  suspended.  Therefore,  if  the  stain  is  a 
stannate,  as  some  suppose,  it  would  not  go  into  solution,  and^ 
as  the  above  illustration  shows,  the  pyro-chemical  behavior 
of  the  glazes  would  not  be  materially  affected  as  Hull  sup- 
posed, when  he  says  on  page  243  ^'  Naturally  more  flux  was 
required  to  produce  a  mature  glaze  than  would  be  necessary 
if  less  of  the  pink  frits  were  used.'' 

His  second  consideration  was  ^^  Series  A- 1  indicates  that 
the  chromic  oxids  (0.0375)  is  as  high  as  is  allowable/' 

Stain  No.  5  above  given  has  0.066,  and  yet  it  was  not 
green  and  the  color  effect  in  the  glaze  was  a  good  red. 
Therefore,  the  use  of  more  than  0.0375  Cr208  is  allowable^  but 
not  always  justifiable. 

His  third  consideration  '^  The  lime  was  purposely  made 
as  high  as  Series  A-III  would  warrant,"  leaves  no  basis  for 
criticism,  for  he  affirms  nothing  except  what  his  trials  would 
warrant.  But,  it  will  be  noticed  that  my  stain  No.  4  contains 
1.125  CaO  which  is  0.125  more  than  Hull's  trials  would 
warrant. 

His  further  trials.  Vol.  IV,  page  252,  also  show  as  he 
says  in  his  conclusion  *Hhat  a  wide  range  in  the  quantity  of 
lime  used  in  the  frit  is  allowable." 

These  differences  in  results  between  Hull's  and  my  in- 
vestigations are  due  principally  to  the  fact  that  I  used  var- 
ious compounds  of  lime  and  chromium  and  burned  the  frit  or 
stain  at  a  lower  heat. 

There  is  only  one  criticism  to  be  made  on  the  glaze 
series  and  that  involves  a  very  essential  point.  In  every 
case,  except  in  Series  B,  where  the  effect  from  increasing  the 
content  of  boracic  acid  in  a  glaze  was  sought,  the  boracic 
acid  was  added  at  the  expense  of  the  silica.  It  is  the  ex- 
perience of  every  glaze  maker  with  whom  I  have  discussed 
this  point,  that  the  silica  should  be  as  high  as  possible,  for 
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it  has  a  beneficial  effect  on  the  chrome-tin  color.  There- 
fore, while  he  was  increasing  a  factor  which  he  knew  was 
detrimental,  he  was  doing  so  at  the  expense  of  another  fac- 
tor which  was  beneficial.  This  accounts  in  a  great  measure 
for  the  fact  that  his  most  favorable  combination  of  lead  and 
boracic  acid  as  described  on  page  251,  Vol.  IV,  does  not  ac- 
cord with  the  writer's  experience. 

The  ratio  of  lime  to  the  alkalies  is  also  of  decided  impor- 
tance. The  highest  proportion  he  used  was  2 : 1,  while  it  is  the 
writer's  experience  that  about  3 : 1  is  the  best  ratio.  By  the 
use  of  a  larger  ratio,some  of  the  limecan  be  added  as  carbonate, 
which  the  writer  has  found  desirable  for  the  better  maturity 
of  the  glaze  in  general,  and,  in  this  case,  owing  to  the  in- 
creased lime,  to  this  color  in  particular. 

After  considerable  experimenting,  the  writer  found  that 
the  glaze  best  suited  for  the  production  of  chrome-tin  pinks 
and  reds  was: 

0.22  PbO      1     0.16  AlfOj    )   «  ia  cwrk. 
0.59  CaO       [    0.x  SnOi     ^   ^'^^  ^^^ 


0*.19KNaOJ     o!YCri08    )   ^-^75  8908 

If  the  ordinates  and  abscissae  of  the  lead  and  boracic 
acid  were  plotted  on  Hull's  diagram  given  on  page  251,  Vol. 
rV,  it  would  be  found  that  the  above  glaze  is  more  than  0.1 
equivalent  B2O8  within  the  area  in  which  he  says  good  re- 
sults are  improbable,  and  more  than  0. 175  equivalent  be- 
yond the  limits  within  which  he  obtained  his  best  results. 


A  METHOD  FOR  NIAKING  ENAMELED  BRIOL 

BY 

IiAWBBNOB  E.  Babbinobb,  £L  M.  (in  Cer.)         « 

SCHBNEOTADT,  N.  Y. 

In  1900  the  value  of  the  enameled  brick  output  of  the 
United  States  was  {323,630. 00  while  in  1901  it  had  increased 
to  $463,709.00,  a  gain  of  about  43  per  cent  That  this  in- 
crease was  not  even  greater  can .  be  attributed  to  the  com- 
paratively high  price  of  this  product,  for  enameled  brick  have 
of  late  come  into  greater  command  in  building  construction. 
For  use  in  wainscotings  and  wall  surfaces  in  depots,  hotels^ 
or  in  any  public  building,  or  passage  way;  in  dairies,  bath- 
houses, power  stations,  etc. ,  where  cleanliness  is  desired;  in 
elevator  shafts,  subways,  etc. ,  where  reflected  light  is  needed; 
or  in  any  construction  requiring  an  ornamental,  smooth, 
bright,  sanitary  surface,  the  enameled  clay  surface  has  no 
satisfactory  substitute.  And  of  course  for  such  uses  the 
white  enameled  brick  is  almost  invariably  used  and  white 
is  usually  understood  when  reference  is  made  to  simply 
^'enameled  brick."  There  is  a  limited  demand  for  colors  ibr 
interior  use,  as  borders  or  in  oriental  work  or  hearths,  but 
the  bulk  of  a  manufacturers  output  is  ordinarily  white. 

A  great  many  enameled  brick  have  in  the  past  been 
imported  from  England,  our  own  supply  of  first-class  pro- 
duct being  inadequate  to  the  demand.  In  the  past  few 
years,  however,  a  number  of  American  manufacturers  have 
offered  the  market  very  creditable  ware.  Yet,  while  the 
ware  is  first-class,  the  high  price  of  enameled  brick  un- 
doubtedly prevents  their  specification  in  many  instances 
where  their  use  is  strongly  desired. 

Two  years  ago  it  was  the  writer's  good  fortune  to  be 
assigned  the  task  of  producing  a  white  enameled  brick 
which  would  be  of  good  quality  but  moderate  in  price.  The 
experiments  made  to  accomplish  this  end  brought  out  many 


A  METHOD  FOB  MAKING  ENAMELBD  BRICK.  257 

interesting  points  while  leading  to  very  satisfactory  results. 
Believing  that  the  mode  of  procedure  in  the  work  as  well  as 
the  results  attained  and  incidental  facts  brought  out  may 
be  of  interest  and  possibly  of  value  to  the  members  of 
this  society  it  will  be  the  purpose  of  this  paper  to  trace  the 
work  from  beginning  to  end. 

THE   body: 

The  enamel  was  to  be  applied  to  the  following  fire- 
clay. It  is  known  as  the  Lower  Mercer  clay,  occurring  in 
a  vein  from  six  to  twelve  feet  thick,  and  won  by  mining. 
An  analysis  of  this  clay  gave: 

SiOj Free 24.20 

Combined 84.66 

AIjOb 27.96 

FeiOs 1.40 

CaO 0.51 

MgO 0.64 

Alkalies 2.78 

Ck>mbined  water 8.82 

100.02 

This  clay  burned  to  a  hard,  dense,  body,  light  buff  in 
color,  at  cone  8.  The  question  as  to  whether  to  apply  the 
enamel  to  the  green  or  to  burned  ware  naturally  was 
amongst  the  first  to  arise.  To  coat  dry-press  brick  in  the 
green  state  with  a  glaze  or  enamel  is  a  delicate  process  en- 
tailing much  loss  and  a  poor  quality  of  product.  As  the 
product  of  the  plant  was  almost  exclusively  dry-press  brick 
the  making  of  mud  brick  for  the  reception  of  an  enamel 
would  have  required  much  new  machinery.  These  consid- 
erations swung  the  choice  towards  a  two-fire  product  and 
the  fact  that  in  the  course  of  burning  there  were  always 
more  or  less  soft-burned  brick  which  were  unsalable  except 
as  culls,  led  to  the  decision  to  use  these  soft-burned  brick 
as  biscuit  for  the  enamel.  To  use  at  the  start  bricks  which 
would  not  sell  as  builders,  merely  because  not  hard  enough, 
seemed  the  first  step  towards  securing  a  moderate-priced 
enameled  brick.  Of  course,  the  supply  of  these  soft  brick 
was  limited  but  would  prove  ample  for  a  start  and  for  small 
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sales.  It  would  not  be  necessary  to  make  a  special  biscuit 
burn  except  in  case  of  a  much  larger  run  on  enameled  brick 
than  was  at  that  time  in  sight.  Furthermore,  upon  con- 
sideration of  the  care,  time  and  loss  in  enameling  green 
ware  and  burning  in  one  fire,  it  was  estimated  that  the  dif- 
ference in  the  cost  of  burning  would  be  off-set  by  the  ease 
and  rapidity  of  handlings  and  small  loss  attendant  upon  a 
two-fire  product. 

The  soft  burned  bricks  to  be  used  as  biscuit  had  shrunk 
on  the  average,  in  volume,  8. 2  per  cent  of  the  die  measure. 
The  hard  burned  bricks  of  the  same  clay  usually  shrunk 
13.4  per  cent,  so  that  the  body  used  had  received  about  61.2 
per  cent>  of  its  total  shrinkage.  The  bricks  were  soft  and 
punky  and  of  course  very  porous. 

THE  GLAZE. 

White  enameled  brick  are  made  either  by  applying  a  true 
enamel  (usually  tin)  to  the  body  or  by  using  a  clear,  trans- 
parent glaze  over  a  white  engobe  which  completely  conceals 
the  true  body  color.  As  a  tin  enamel  requires  a  calcareous 
clay  for  the  best  results,  and  as  the  clay  to  be  used  was  a 
fire-clay  with  but  little  lime,  it  was  decided  the  engobe-glaze 
method  would  offer  fewer  difficulties  and  better  ware. 

To  insure  durability,  enameled  brick  must  have  a  hard- 
burned  body  and  an  enamel  which  has  been  burned  fast  to 
the  body,  is  well  matured  and  is  free  from  crazing  or  shiver- 
ing. When  used  in  light  shafts  or  in  other  outside  work, 
severe  weather  changes  soon  destroy  a  poorly  enameled 
surface.  The  chance  of  water  entering  the  wall  and  con- 
sequent freezing  and  thawing  breaking  off  the  enamel  must 
be  made  practically  impossible. 

In  view  of  these  requirements,  a  glaze  of  the  porcelain 
type  was  selected  as  desirable,  to  mature  at  the  point  where 
the  body  became  very  hard  and  dense,  u  e.  cone  8.  The 
porcelain  glazes  are  very  durable  and  not  as  prone  to  craze 
as  lower  fire  glazes. 

Using  the  formula  of  Seger  cone  4  as  a  starting  point 
a  series  of  glazes  was  made  the  extremes  of  which  it  was 
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certain  would  be  too  soft  and  too  hard  respectively  for  this 
heat. 

This  series  was  as  follows: 

SERIES  I. 


No. 

K,0 

CaO 

PbO 

AliOt 

SiOs 

1 

0.3 

0.4 

0.8 

0.6 

4.00 

2 

0.8 

a6 

0.2 

0.6 

4.00 

8 

o.» 

0.6 

0.1 

0.6 

4.00 

4 

0.8 

0.7 

0.0 

0.6 

4.00 

6 

0.3 

0.7 

0.0 

0.6 

4.80 

6 

0.3 

'    0.7 

0.0 

0.7 

6.60 

The  use  of  lead  above  the  temperature  which  will  turn 
cone  number  1  is  not  recommended  by  Seger.  The  writer, 
however,  has  used  lead  with  fair  success  at  cone  number  3 
and  had  heard  of  its  use  in  porcelain  glazes,  the  idea  being 
that  even  if  the  lead  did  volatilize,  it  would  start  good  fusion 
before  going.  Since  making  these  experiments  the  writer 
has  actually  observed  in  a  large  plant  the  use  of  lead  in  a 
porcelain  glaze  fired  at  cone  8-9t.  With  not  much  faith 
however,  that  lead  could  be  used  at  this  temperature  to  ad- 
vantage, it  was  decided  to  try  it  in  order  to  locate  the  type  of 
glaze  needed  by  showing  a  lead  glaze  not  feasible.  The 
glazes  numbers  6  and  6  it  was  almost  certain  would  be 
too  hard. 

The  glazes  were  made  up  in  about  three  pound  batches, 
ground  in  a  small  jar  mill  with  flint  pebbles,  put  through  a 
120  mesh  sieve  and  excess  water  siphoned  off  until  a  Baume* 
hydrometer  dropped  into  the  slip  gave  a  reading  of  40,  this 
thickness  having  been  found  to  work  well  on  the  soft  body. 
Soft  burned  buff  brick  were  dipped  with  the  glaze  and 
burned  in  saggers  at  cone  number  8  in  large  down-draft  kilns, 
amongst  other  ware. 

fThli  glaie,  while  bright,  smooth  and  olear  Is  subject  to  oxmxing. 
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The  results  of  the  test  of  this  series  were  as  follows: 


No. 


1 
2 

3 
4 

5 
6 


Condition  of  Fired  Glase. 


Thin— Brick  dry  in  places— Crazed. 

Thin — Brick  dry  in  places — Crazed. 

Thin— Crazed. 

Crazed  slightly— Not  entirely  dear— Smooth  and 

fairlv  bright. 
Milky — Not  melted  to  clearness. 
Milky— Not  as  clear  as  No.  5. 


From  the  foregoing  it  is  evident  that  a  glaze  of  the  type 

of  number  4  was  needed  but  one  that  should  be  somewhat 
softer. 

Seger*  has  shown  that  cone  number  4  is  the  most  fusi- 
ble glaze  of  the  porcelain  type.  To  secure  greater  fusibility 
therefore,  other  ingredients  must  be  introduced  than  those 
indicated  in  the  cone  number  4  formula. 

A  complexity  of  bases,  using  magnesia  and  zinc,  was 

next  tried,  keeping  the  alumina  and  silica  constant.    The 

series  was  as  follows : 

SERIES  II. 


No. 

KiO 

CaO 

MkO 

ZnO 

AlfO» 

SiOi 

7 

0.8 

0.6 

0.1 

.... 

0.5 

4.00 

8 

0.8 

0.5 

0.2 

.  .  a  • 

0.5 

4.00 

9 

0.8 

0.4 

0.8 

«... 

0.5 

4.00 

10 

0.8 

0.8 

0.4 

.... 

0.5 

4.00 

11 

0.8 

0.4 

0.25 

0.05 

0.5 

4.00 

12 

0.8 

0.4 

a2 

0.10 

as 

4.00 

18 

0.8 

0.6 

0.0 

0.10 

0.5 

4.00 

The  glazes  were  treated  the  same  as  those  in  Series  I 
and  applied  to  buff  bricks  and  burned  in  large  kilns  to  cone 
number  8  with  the  following  results: 


No. 


7 
8 
9 
10 
11 
12 
18 


Condition  of  Fired  Glase 


Milky. 

MUky— Not  as  fusible  as  No.  7.     )     AU  fkt  from 
Milky— Not  as  fdsible  as  No.  &      V    being  well 
MilkT— Not  as  fasible  as  No.  9.    )    matured. 
Cloudy— But  better  than  any  of  the  aboye. 
Cloudy— But  better  than  No.  11— Smooth,  glossy. 
Almost  olear— Smooth  and  bright. 
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Prom  this  series  it  is  clearly  seen  that  magnesia  is  a 
liarder  flax  than  lime  and  if  used  to  replace  the  latter  the 
glaze  is  hardened  thereby.  This  bears  ont  Seger's  state- 
ment as  to  the  order  of  fluxes.  The  replacement  of  a  little 
magnesia  by  zinc  gave  a  correspondingly  small  improvement. 
The  dropping  of  magnesia  entirely  and  the  substitution  of  0. 1 
equivalent  of  zinc  oxide  for  0.1  equivalent  of  calcium  oxide 
in  glaze  No.  13  immediately  gave  a  glaze  far  superior  to  any 
of  the  lime-magnesia  glazes,  and  also  better  than  the  lime- 
potash  glaze,  No.  4,  indicating  that  zinc  has  greater  fluxing^ 
power  than  lime  or  magnesia,  or  than  a  combination  of  these.. 

The  failure  of  a  complexity  of  bases  in  this  series  to 
give  more  fusible  glazes  does  not  harmonize  with  Cannan's^ 
results  with  raw  lead  glazes,  nor  with  his  conclusions- 
with  regard  to  the  fluxing  power  of  magnesia.  Where 
Cannan,  working  at  a  temperature  of  cone  04-02, 
secured  better  glazes  the  greater  the  number  of  oxides 
he  used  to  make  up  his  RO,  and  with  magnesia  obtained  a 
higher  single  replacement  of  PbO  than  with  any  other 
oxide,  the  writer,  at  cone  6-8  finds  a  complexity  of  bases^ 
nsing  magnesia,  very  unsatisfactory,  and  that  any  replace- 
ment of  CaO  by  MgO  in  a  porcelain  type  glaze  at  once 
hardens  the  glaze. 

Glaze  No.  13  being  the  clearest  and  brightest  glaze  so 
far,  developed,  but  this  still  being  a  trifle  hard,  it  was  de- 
cided to  next  run  a  series  of  lime-zinc  glazes  and  also  to  try 
replacing  zinc  with  barium. 

This  was  done  as  follows: 

SERIES  HI. 


No. 

KsO 

CaO 

ZnO 

BaO 

AliOa 

SiOi 

14 

0.8 

0.66 

0.05 

9    •    •    • 

0.5 

4.00 

15 

0.8 

0.66 

0.05 

•  m  •  • 

0.5 

8.80 

16 

0.8 

0.65 

0.05 

•  •  «  • 

0.5 

8.50 

17 

0.8 

0.60 

0.10 

•  •  •  • 

0.4 

4.00 

18 

9.8 

0.60 

0.10 

^    .... 

0.4 

8.80 

19 

0.8 

0.65 

■ .  •  • 

0.05 

0.5 

4.00 

99 

,       0.8 

0.60 

.... 

0.10 

0.5 

4.00 

21 

0.8 

0.60 

.... 

0.10 

0.4 

4.00 
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The  results  of  this  test  are  shown  below: 


^*1 
16 

16  S 

17 

wj 

} 


All  were  smooth,  bright  glaies  bat  No.  18  showed 
best  maturity,  the  others  holding  more  or  less  bab- 
bles in  saspension.     No.  18  was  slightly  erased  in 


oomers. 


19 
20 
21 


Not  noticeably  different  in  appearanoe  from  the  cor- 
responding sine  glases  but  all  were  badly  erased. 


Number  18  being  almost  entirely  satisfactory ,  the  flint 
was  increased  to  rid  the  glaze  of  crazing.  It  was  found  that 
this  was  accomplished  by  a  very  small  addition,  and  the  glaze 
finally  accepted  as  being  suitable  for  the  work  had  the 
formula: 


0.8  KtO  ) 

0.6  CaO^  0.4AUO8 

aiZnOJ 


{ 


3.825  SiOi 


1.0  BO 


The  foregoing  experiments  with  magnesia  resulting  so 
differently  from  Cannan's,  another  trial  was  made  to  verify 
the  previous  work.  This  time  magnesia  was  used  to  replace 
lime  in  glaze  No.  22,  a  glaze  known  to  work  well  at  this 
temperature.  The  introduction  of  burned,  slaked  and  bolted 
dolomitic  limestone  was  also  attempted  as  a  source  of  lime 
and  magnesia. 

To  this  end  the  glazes  were  made  up  replacing  first  0. 2 
and  then  0.3  equivalents  of  the  lime  in  glaze  No.  22  with  mag- 
nesia, as  follows : 


No. 

KsO 

CaO 

MgO 

ZnO 

AlfOa 

SiOs 

28 
24 

0.8 
0.8 

0.4 
0.8 

0.2 
0.8 

0.1 
0.1 

0.4 
0.4 

8.825 
8.825 

Furthermore,  dolomitic  limestone,  prepared  as  noted 
above  and  secured  from  the  same  dealers  as  furnished  Can- 
nan's  supply,  was  used  in  two  glazes.  In  one  glaze,  the  0. 6 
equivalents  of  CaO  called  for  in  glaze  No.  22  was  replaced 
by  0.6  equivalents  of  limestone,  while  in  the  other  the  amount 
oiP  whiting  called  for  in  the  batch  receipt  of  No.  22  glaze  was 
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replaced  ponnd  for  pound  by  dolomitic  limestone.     The 
limestone  in  question,  after  burning,  gave  on  analysis*: — 

.51  Ca  (OH^i 
.49  Mg  (OH)i 

1.00 

Thus  the  limestone  glazes  were  composed  as  follows: 


KiO 

Limestone. 

ZnO 

AliOs 

No. 

CaO 

MgO 

8iOi 

25 
26 

0.800 
0.228 

0.806 
0.854 

0.294 
0.841 

0.100 
0.076 

0.400 
0.805 

8.825 
2.982 

Glazes  Nos.  23,  24,  26  and  26  were  now  applied  to  light 
buff  bricks  in  the  usual  way  and  trials  placed  at  the  top, 
middle  and  bottom  of  a  small  down-draft  kiln  set  with 
enameled  brick.  The  kiln  was  burned  off  at  the  usual 
temperature,  cone  8  in  the  top  and  cone  6  in  the  bottom. 
On  cooling  and  drawing  the  kiln,  the  results  of  the  test  were 
found  to  be  as  shown  below: 


Glaze 
No. 


28 


24 


25 


26 


Top  of  Kiln. 


Melted  to  smooth- 
ness but  dull, 
milky  and  full  of 
bubbles.  Far  from 
good  fusion. 

Very  cloudy  and  im- 
perfectly fused. 
Similar  to  No.  28. 


Fairly  smooth  and 
glossy  but  very 
poor  fusion— glaze 
cloudy  thougnout 


Not  as  good 
25. 


as  No. 


Middle  of  Kiln. 


About  same  as  top. 


About  same  as  top. 


About  same  as  top. 


Mostly  rough  and 
not  fused  at  all  ex- 
cept a  few  near 
bag. 


Bottom  of  Kiln. 


Very  iniperfectly 
fused.  Dull  and 
milky. 


Barely  smooth. 
Borne  of  the  trials 
not    fused     sufEl- 
ciently     to     g^ve 
smooth  surface. 

Poor  fusion— rough 
and  no  gloss—not 
much  more  than  a 
sintered  mass. 

Not  as  good  as  No. 
25. 


In  addition  to  securing  the  desired  glaze  for  the  work  in 
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hand,  the  above  experiments  brought  out  the  following 
facts: — 

(a.)  Neither  magnesia  nor  dolomitic  limestone  offer  any 
encouragement  for  their  use  as  fluxes  in  a  glaze  of  this  type 
and  maturing  temperature. 

(b.)  Magnesia  is  below  lime  in  value  as  a  fluxing  agent 
at  this  temperature. 

(c.)  Zinc  has  greater  fluxing  power  than  lime. 

(d.)  That  barium  has  at  least  equal  fluxing  power  with 
zinc  but  gives  rise  to  crazing  if  substituted  for  zinc  in  a 
zinc-lime  glaze  free  from  crazing. 

THE     BNGOBE. 

Having  perfected  a  satisfactory  clear  glaze,  as  given  in 
No.  22,  the  next  step  was  to  secure  a  white  engobe  to  apply 
between  the  body  and  glaze  The  engobe  must  be  white^ 
burn  reasonably  hard  at  the  temperature  used  and  shrink  just 
enough  to  neither  shell  off,  nor  crack  nor  curl  up. 

Langenbeck^  cites  the  case  of  a  pure  china  clay  being 
used  as  an  engobe  for  enameled  brick  burned  in  single  fire 
at  cone  9-10.  At  the  temperature  at  which  it  was  desired 
to  fire,  however,  a  china  clay  in  this  case  would  be  too  soft 
and  shrink  to  much  for  the  body  shrinkage.  To  reduce  the 
shrinkage,  flint  is  the  best  agent  while  for  hardening  the 
engobe  feldspar  is  most  suitable.  With  these  three  mater- 
ials therefore,  a  series  of  engobes  was  made  up  varying  the 
proportions  as  follows: 


Ko 

China 
Clay. 

Fliut. 

Feldspar. 

Formula, 

JL^  V. 

KiO 

A1,0« 

SiOi 

1 

2 

3 

4 

76.00 
76.00 
60.00 
60.00 

0.00 
16.00 
26.00 
80.00 

25.00 
10.00 
16.0^> 
20.00 

.18& 
.066 
.104 
.166 

1.00 
1.00 
1.00 
1.00 

2.66 
3.0S 
4.02 
4.80 

The  slips  were  blunged  by  hand,  put  through  a  40 
mesh  sieve,  and  then  through  a  100  mesh  sieve.  By  exper- 
iment it  was  found  that  the  best  working  thickness  was 

*OhemUtry  of  Pottery^Pg  144. 
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Banme  46^  On  coating  a  number  of  bricks  with  the  above 
engobes  and  burning,  the  following  results  were  noted: 

No.  1  had  cracked  slightly. 

No.  2  was  soft. 

Nos.  3  and  4  were  both  good,  but  No.  4  was  harder  and 
hence  preferable. 

No.  4  was  the  engobe  chosen  for  use. 

In  a  paper  entitled  ''Stoneware  Slips  or  Engobes" 
Geijsbeekf  speaks  of  obtaining  results  by  substituting  one 
clay  for  another  in  an  engobe  mixture.  This  seems  a  long 
way  to  take  to  get  the  proper  engobe.  After  one  trial  of  26 
per  cent  flint  and  76  per  cent  china  clay,  Geijsbeek  gives  up 
flint  and  says  *'as  it  seemed  strange  that  flint  could  not  be 
used  so  far  in  an  engobe.  I  have  started  experiments  on 
that  subject,  but  as  yet  I  have  been  unable  to  finish  same  or 
to  come  to  any  conclusion."  That  he  will  find  flint  a  val- 
uable agent  in  engobe  compounding,  I  do  not  doubt  at  all. 
Using  one  clay,  and  with  flint  and  feldspar  as  controlling 
agents  for  shrinkage  and  hardness,  a  wide  range  of  engobes 
can  be  made,  and  this  seems  a  more  exact  method  than  to 
shift  clays. 

In  order  to  increase  the  tenacity  with  which  the  engobe 
holds  to  the  body,  five  per  cent,  of  sodium  carbonate  was 
used  in  the  engobe,  being  added  as  a  solution,  in  the  least 
possible  amount  of  water,  after  the  engobe  had  been  made 
up  to  the  proper  thickness.  This  expedient  is  the  practice 
among  stoneware  men  to  prevent  crawling  of  engobes  and 
glazes,  borax  and  calcium  sulphate  being  also  used  for  the 
same  purpose. 

On  making  a  trial  of  No.  4  engobe  with  No.  22  glaze,  a 
very  white,  smooth  and  bright  enamel  was  obtained. 

While  experimenting  with  engobes,  a  few  colors  were 
attempted  as  follows: 

A  blue  frit  was  made  up  corresponding  to  the  formula 

and  melted  in  flint-lined  crucibles  in  a  blacksmith's  forge. 
The  resulting  glass,  which  was  a  very  intense  blue,  was 
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ground  to  120  mesh  fineness  in  jar  mills,  the  water  dried  off, 
and  the  powdered  frit  boxed  for  nse.  On  adding  a  little  of 
this  blue  frit  to  engobe  No.  4,  a  very  good  blue  engobe  was 
obtained,  which,  covered  with  No.  22  glaze,  gave  a  very  ac- 
ceptable blue  enamel.    Two  shades  were  made  as  follows: 

Blae  No.  1  /  97.5  parts  engobe  No.  4. 
(Light)        I  2.6  parts  blae  frit. 

Blae  No.  2  ( 96.2  parts  engobe  No.  4. 
(Medium)     )  4.8  parts  bine  frit. 

Another  method  of  securing  a  blue  engobe  was  to  add 
a  cobalt  solution  direct  to  the  engobe  No.  4,  the  latter  being 
sufficiently  alkaline  to  precipitate  the  cobalt  throughout  the 
mass,  and  give  a  very  uniform  coloring  in  the  resulting  en- 
gobe. By  adding  770  c.  c.  of  a  ten  per  cent.  CoCU  solution 
to  each  one  hundred  pounds  (dry  weight)  of  engobe,  a  very 
delicate,  pretty  blue  is  obtained.  This  is  equivalent  to  0.10 
per  cent.  CoO.  When  the  cobalt  solution  is  added  the  cobalt 
is  precipitated  as  a  carbonate,  thus  leaving  sodium  chloride 
where  before  we  had  sodium  carbonate  in  solution  in  the  en- 
gobe. This  does  not  affect  matters  seriously,  however,  as 
the  chloride  is  almost  as  efficient  as  the  carbonate  as  a  fast- 
ening or  binding  agent.  At  any  rate,  the  colored  engobes 
adhere  to  the  body  as  tenaciously  as  the  white  engobe. 
Neither  white  or  colored  engobes  at  any  time  gave  trouble 
from  crawling. 

This  process  of  precipitation  does  away  with  fritting 
and  as  cobalt  chloride  is  no  more  expensive  than  a  good  grade 
of  the  oxide,  the  process  is  also  much  cheaper.  Iron  colors 
also  can  be  obtained  by  the  precipitation  method. 

A  very  good  chrome-green  was  obtained  by  adding  raw 
chromic  oxide  to  No.  4  engobe,  in  the  proportion  of  thirteen 
per  cent,  oxide  to  eighty-seven  per  cent,  engobe.  This  gave 
a  rather  dark  sage-green  enamel.  Other  shades  were  not 
attempted,  as  colored  enamels  were  not  considered  of  suffi- 
cient importance. 

A  very  satisfactory  pink  engobe  was  made  by  using  a 
pink  stain  or  frit,  made  in  accordance  with  Seger's  formula, 
to  the  amount  of  eight  or  ten  per  cent,  in  the  white  engobe. 

In  attempting  to  use  copper  for  sea-green  effects,  the 
color  was  obtained  successfully  except  around  the  edges  of 
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the  brick,  where  the  copper  volatized  leaving  a  white 
edging  entirely  around  the  enameled  face.  This  defect  was 
sufficient  to  bar  out  copper-greens.  On  breaking  a  brick 
coated  with  copper-green  enamel,  it  was  noticed  that  the 
color  had  left  the  engobe  entirely,  and  what  really  existed 
was  a  green  glass  over  a  white  engobe.  The  copper  had  evi- 
dently tried  hard  to  get  away,  but  the  heat  and  duration  of 
burn  were  not  sufficient  to  expel  it  entirely. 

A  fairly  good  brown  engobe  was  obtained  by  the  use  of 
12  parts  of  commercial  manganese  to  88  parts  of  white 
engobe. 

This  manganese  gave  an  analysis: 

MnOi 81.01 

FeiOj 5.73 

SilioiooB  residae.  18.26 

100.00 

Uranium  colors  were  a  failure,  coming  out  a  dirty  green 
in  every  one  of  several  tests. 

All  colors  were  obtained  by  making  the  colored  engobe 
and  then  treating  and  applying  to  the  ware  just  as  was  done 
with  the  white  engobe.  Special  attention  had  to  be  paid  to 
location  of  colors  in  the  kiln  however,  as  will  be  noted  later. 

In  general,  it  may  be  said,  that  having  secured  a  satis- 
factory white  engobe,  colored  engobes  may  be  easily  obtained 
by  the  introduction  of  coloring  oxides  or  colored  frits.  The 
small  proportion  of  the  coloring  agent  usually  required  pro- 
duces no  physical  defects  in  the  engobe.  A  good  white  en- 
gobe will  stand  in  some  cases  fifteen  per  cent,  of  a  coloring 
oxide,  and  still  bum  as  smooth  and  perfect  as  originally. 

USE  OF  A  GRBY  BODY. 

An  attempt  was  made  to  use  the  white  enamel  as  above 
developed  on  light  grey  brick,  in  order  to  increase  the  avail- 
able biscuit  supply,  but  on  trial  it  was  found  diat  the  manga- 
nese in  the  grey  body  was  sufficient  to  color  the  engobe  and 
darken  the  glaze  to  such  an  extent  as  to  make  the  product 
unsalable  as  a  good  white  enameled  brick. 

DIPPING  AND  CLBANIKG. 

The  glaze  and  engobe  had  now  been  developed  in  an 
experimental  way,  and  the  process  of  making  the  brick  on  a 
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manufacturing  scale  was  taken  up  as  the  next  step.  The 
experiments  for  a  white  enamel  had  scarcely  been  completed, 
when  an  order  was  received  for  36,000  white  enameled  brick 
for  a  light-shaft  in  an  office  building.  The  brick  made  by 
the  following  method,  therefore,  were  for  an  actual  order 
and  every  effort  was  made  to  devise  a  rapid  and  economical 
method. 

Soft-burned  light  buff  brick  were  set  apart  by  the  kiln 
drawers  and  sent  to  the  enameling  room,  a  small  brick 
building  which  had  formerly  been  used  as  an  oil  storage 
house,  but  was  left  vacant  when  the  use  of  oil  as  a  fuel  was 
discontinued.  Here  the  brick  were  laid  face  up  on  a  long 
bench,  and  subjected  first  to  the  cleaning  process,  consisting 
of  going  over  the  face  to  be  enameled  with  an  iron  scraper 
to  remove  adhering  sand,  and  then  with  a  stiff  brush  to  take 
off  all  further  dirt  or  dust.  This  required  but  little  time. 
Two  men  could  easily  go  over  100  brick  a  minute.  The 
bricks  were  then  dipped  into  the  engobe  two  at  a  time, 
the  dipper  holding  one  in  each  hand.  One  man  dipped  into 
the  engobe  and  about  twenty  brick  behind  him  came  the 
glaze  dipper  who  had  helped  with  the  engobe  until  the  two 
operations  were  sufficiently  spaced.  By  experiment  it  was 
found  that  by  working  with  the  engobe  at  a  thickness  of  45^ 
and  the  glaze  at  a  thickness  of  60^  (Baume)  and  dipping  into 
the  glaze  a  few  moments  after  the  application  of  the  engobe, 
a  very  smooth  'uniform  coat  resulted,  free  from  pin-holes  or 
bubbles.  Both  glaze  and  engobe  were  prepared  as  in  the 
preliminary  experimental  work.  The  glaze  and  engobe 
were  both  occasionally  stirred  up  by  means  of  wooden  pad- 
dles kept  near  the  dipping  tubs.  Following  the  glaze 
dipper  as  close  as  he  could  conveniently  work,  came  the 
cleaner  who  removed  the  excess  engobe  and  glaze  with  a 
large  spatula.  With  one  stroke  the  excess  coatings  along 
one  side  could  usually  be  nicely  sliced  off  so  that  only  a  few 
strokes  to  each  brick  were  required.  By  this  means  it  was 
found  the  brick  could  be  more  easily,  rapidly  and  effectu- 
ally cleaned  than  by  allowing  the  coatings  to  dry  and 
then  brushing  off  superfluous  material  as  is  the  practice  in 
many  plants. 
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In  dipping  headers,  quoins  or  shapes,  such  as  bull- 
noses,  octagons,  etc..  the  dipping  process  was  necessarily 
slower,  the  brick  being  dipped  one  at  a  time  and  requiring 
more  care  to  get  the  surface  properly  coveted. 

The  dipped  and  cleaned  brick  were  now  removed  from 
the  bench  to  pallets  holding  ^ight  brick  each  and  removed 
to  the  storage  shed  just  back  of  the  dipping  room. 

SETTING  AND  BURNING. 

Burning  was  accomplished  in  small  rectangular  down- 
draft  kilns  (designated  on  account  of  their  size  *'baby  kilns") 
having  twin  fire-boxes.  At  first  saggers  were  used,  the 
brick  being  stood  on  end,  twelve  in  a.sagger.  In  this  way 
only  1500  brick  could  be  set  in  each  kiln;  many  saggers 
were  broken  from  the  great  weight  on  them,  and  setting  and 
drawing  a  kiln  involved  much  labor.  It  was  seen  at  once 
that  this  system  was  too  expensive.  A  scheme  was  then 
devised  of  setting  the  brick  without  saggers,  by  building  up 
the  bricks  so  that  the  fire  gases  did  not  come  in  contact  with 
the  enameled  surfaces.  The  method  adopted  was  this: 
The  brick  were  brought  from  the  storage  room  on  pallets, 
and  set  down  on  the  kiln  floor.  The  distance  from  the  stor- 
age shed  to  kiln  was  only  iiom  t«n  to  fifteen  feet  and  one 
carrier  could  easily  keep  two  setters  supplied.  The  setters 
first  set  burned,  unglased  bricks  on  edge  on  the  kiln  floor  in 
rows  running  parallel  to  the  kiln  door  and  extending  clear 
across  the  kiln,  the  rows  being  about  1^  or  2  feet  apart 
(See  Pig.  1,  p.  267).  This  was  for  the  purpose  primarily  of 
allowing  the  kiln  gases  free  play  at  the  kiln  bottom,  and  ready 
access  to  the  flues,  and  secondarily  to  keep  the  enameled 
bricks  from  the  floor,  where  they  would  come  into  contact 
with  sand  and  ash.  After  a  distance  of  three  brick  lengths 
from  the  rear  kiln  wall  was  reached,  the  enameled  brick 
were  then  set  on  flat  on  this  checker  coutse  and  built  up  in 
walls  running  parallel  to  the  fire  bags.  The  first  course 
above  the  checker  work  however,  was  usually  set  in  bumedi 
unglazed  brick.  The  walls  of  enameled  brick  were  so 
spaced  that  there  was  a  narrow  space  and  then  a  wider 
space  alternating.    The  enameled  faces  of  the  brick  formed 
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the  narrower  spaces,  and  the  backs  of  the  brick  formed  the 
wider  spaces,  the  latter  constituting  the  flaes  through  which 
the  fire  gases  passed.  (See  Pig.  2,  p.  269).  When  a  height 
of  eight  bricks  had  been  reached  io  the  walls,  a  "binding" 
course  ofunenameled  bricks  was  then  set  to  hold  the  columns 
straight  and  prevent  rolling.  The  narrow  spaces  on  which 
the  enameled  faces  fronted  were  covered  completely,  while 
the  larger  fine  spaces  were  left  open  except  at  intervals  where 
the  true  binding  course  ran  clear  across  the  kiln.  In  this 
way  a  muffle  was  built  up  to  protect  the  enameled  faces. 
(See  Fig.  3,  p.  271).  As  the  top  of  the  kiln  was  approached, 
the  middle  walls  were  built  higher  than  the  side  walls  to  fol- 
low roughly  the  curve  of  the  crown.  When  the  top  had  been 
reached,  a  final  binding  and  protecting  course  was  put  on  as 
shown  in  figure  4  (see  page  273). 

The  brick  were  built  up  in  three  brick  benches. 

In  setting  quoins,  bull-noses  or  shapes,  triple  walls 
were  used  instead  of  the  double  wall  arrangement,  the 
middle  wall  being  used  for  these  shapes  and  being  protected 
completely  from  the  fire  gases  by  the  two  side  walls  of  ordi- 
nary enameled  stretchers.     (See  Fig.  5). 

To  space  the  bricks,  a  wooden  form  termed  by  the  set- 
ters a  "goose-yoke"  was  used.  This  was  simply  a  U-shaped 
wooden  frame  and  was  used  in  starting  from  each  binding 
course. 


^  • 
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By  setting  in  this  manner,  the  capacity  of  the  kiln  was 
increased  to  3000,  and  the  labor  of  setting  and  drawing  was 
much  reduced. 

In  setting,  pyrometric  cones  were  placed  in  convenient 
places  at  top  and  bottom  of  the  kiln,  numbers  6,  7  and  8 
being  used  in  the  bottom,  and  7,  8  and  9  in  the  top.  Peep 
holes  in  each  end  of  the  kiln  were  made,  so  that  the  cones 
could  be  easily  seen. 

Three  men  could  start  in  the  morning,  set  a  kiln  of 
enameled  brick  in  this  fashion,  build  the  wicket  and  have 
the  fire  started  in  the  evening. 

Burning  usually  required  from  66  to  72  hours,  divided 
into  three  periods: 

(a.)  Slow  heating  up  by  wood  fires  on  the  floors  of  all 
fire  boxes,  12  hours. 

(b.)  Coal  fires  on  bars  in  all  furnaces;  firing  every  hour 
for  12  hours  in  all  fire  boxes,  then  in  alternate  boxes  every 
half  hour  for  12  hours,  and  finally  every  twenty  minutes  in  al- 
ternate furnaces,  carrying  the  heat  up  as  fast  as  possible  until 
cone  8  was  turned  slightly  in  the  top,  which  usually  required 
24  hours  of  the  twenty-minute  firing. 

(c.)  Soaking  or  distribution  stage.  After  cone  8  had  been 
turned  on  top,  which  usually  occurred  before  cone  6  in  the 
bottom  was  affected,  the  heat  was  held  as  steady  as  possible 
by  careful  firing  until  a  nearly  uniform  temperature  was  at- 
tained throughout  the  kiln.  In  the  course  of  from  six  to 
twelve  hours,  cone  6  and  often  cone  7  would  go  over  in  the 
bottom  while  there  had  been  no  material  change  in  the  top. 
This  was  deemed  the  finishing  point,  and  firing  ceased. 
Cone  8  could  not  be  turned  in  the  bottom  without  over- 
firing  the  top. 

The  finishing  point  was  determined  solely  with  pyro- 
metric cones.  At  first  it  was  the  practice  to  draw  trials  to- 
wards the  close  of  the  burn,  but  later  the  cones  alone  were 
relied  upon,  and  never  failed  the  purpose.  If  number  9  cone 
was  melted  down  in  the  top,  we  knew  what  to  expect  from 
the  top  on  drawing  the  kiln-— blistered  body  and  thinned 
glaze.  If  the  proper  cones  were  not  melted  in  the  bottom, 
dull-finish  enamel  could  confidently  be  expected.    On  be- 
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coming  acquainted  with  the  merits  of  the  cone  by  actnal 
practice,  the  burners  took  to  watching  them  carefnlly,  and 
handled  the  kilns  to  get  the  cones  down  as  nniformly 
as  possible. 

Reduction  was  not  resorted  to  in  burning,  and  oxidizing 
conditions  prevailed  throughout  most  of  the  bum. 

Immediately    after    firing    ceased,  the    dampers  were 

shoved  in  and  the  holes  in  the  kiln  crown  were  uncovered. 

• 

This  took  much  of  the  heat  from  the  kiln,  without  sending 
cold  air  in  amongst  the  ware.  After  about  twenty-four 
hours,  dampers  were  pulled  and  fire  doors  opened.  The 
wicket  was  pulled  down  after  another  twenty-four  hours,  and 
the  kiln  cooled  as  rapidly  as  possible,  the  drawing  crew 
usually  being  able  to  take  out  the  ware  twenty-four  hours 
after  the  wicket  was  down.  At  first,  more  rapid  cooling  was 
tried  by  leaving  dampers  out,  tops  off,  and  fire  doors  open 
immediately  after  firing  ceased,  but  this  resulted  in  "cooling 
checks'',  consisting  of  long  straight  cracks  extending  clear 
across  the  enameled  face.  The  practice  was  gradually 
changed,  therefore,  to  that  above,  which  gave  practically  no 
cracked  enamel. 

In  burning  colors  it  was  found  that  blue  and  manganese 
iron  brown  were  comparatively  easy  to  bum.  The  coloring 
agents  acted  as  fluxes,  and  fused  partially  into  the  glaze,  giv- 
ing a  very  uniform  shade.  In  chrome  green  and  chrome- 
tin  pink,  however,  the  glaze  must  be  perfectly  matured  in 
itself  to  give  a  clear,  bright  color,  as  it  receives  no  aid  from 
the  engobes  colored  with  these  agents.  On  breaking  a  brick 
enameled  in  green  or  pink,  the  line  of  contact  between  en- 
gobe  and  glaze  was  very  sharply  defined  and  the  color  had 
not  fluxed  into  the  glaze  covering.  It  was  always  necessary 
for  the  best  results  therefore,  to  burn  pink  and  chrome  green 
in  the  hottest  portion  of  the  kiln,  while  the  other  colors  could 
be  placed  in  almost  any  section. 

DBAWING,  SORTING  AND  SHIPPING. 

The  kilns  were  drawn  by  running  an  ordinary  brick  car 
to  the  kiln,  and  loading  ob  the  enameled  brick  jvst  as  is  done 
with  faKie  brick.    Not  much  more  care  wa»  med  with  the 
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ameled  brick  than  with  unenameled  brick.  The  cars  were 
run  to  the  stock  sheds,  and  the  brick  sorted  under  ground 
glass  sky-lights.  The  color  was  usually  very  uniform,  and 
sorting  resolved  itself  into  merely  removing  defective  brick, 
such  as  contained  specks,  cracks,  broken  corners  or  un- 
usually rough  edges.  Only  two  sorts  were  recognized — 
* 'firsts"  and  * 'seconds".  The  "firsts"  averaged  80  per  cent. 
In  shipping,  the  bricks  were  packed  in  straw  in  cars, 
just  as  is  the  custom  with  face  brick,  with  the  exception  that 
a  little  more  straw  was  used  in  packing.  The  bricks  were 
not  wrapped  in  paper,  or  otherwise  protected,  and  the  ship- 
ment of  a  number  of  cars  demonstrated  the  precautions 
against  breakage  to  be  ample. 

TESTS  AS  TO  DURABII^ITY. 

Enameled  brick  made  by  the  above  process  have  under- 
gone two  winters  in  a  large  light  shaft  in  an  office  building 
and  are  just  as  good  now  as  when  laid  in  the  wall.  This  is 
not  very  long,  it  is  true,  but  there  is  every  reason  to  believe 
that  they  will  stand  the  test  of  time.  As  a  severe  test,  about 
twenty  of  these  brick  were  laid  to  form  the  top  courses  in  a 
stack  of  one  of  the  "baby"  kilns.  In  this  position  they  were 
subjected  to  red  heat  at  one  time,  and  to  freezing  at  another. 
The  brick  remained  in  this  position  all  winter  and  upon  ex- 
amination in  the  spring  following,  showed  no  signs  of 
cracking,  whatever. 

A  CONVENIENT  PLANT. 

The  work  outlined  above  was  accomplished  without 
building  a  special  plant,  by  using  what  room  was  available 
and  rigging  up  apparatus  as  necessity  demanded  in  the  pro- 
gress of  the  work.  The  small  kilns  were  all  that  was  built 
especially.  Realizing,  however,  that  the  process  could  be 
cheapened  by  better  facilities  for  handling  the  ware,  a  build- 
was  planned  in  which  there  were  three  rooms: 

(a.)  A  glaze  and  engobe  preparing  room. 

(b )  A  dipping  room. 

(c.)  A  drying  room. 

The  arrangement  of  this  plant  is  shown  in  the  accom- 
panying plates.    There  are  two  buildings  under  one  roof,  the 
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covered  way  between  the  buildings  affording  a  good  transfer 
in  bad  weather. 

The  structure  is  of  brick,  well  lighted,  and  covered  with 
a  substantial  slate  roof.  Cement  floors  are  used,  inclined  to 
drains  beneath  each  track  so  that  the  floors  can  be  cleaned 
by  flushing  with  a  hose  at  any  time.  Cleanliness  is  all  im- 
portant in  the  enameling  building.  Dirt  of  any  kind  must 
not  be  allow  to  acccumulate. 

For  driving  the  slip  apparatus  (ball  mill  and  blunger)  a 
small  gasoline  engine  would  be  preferable,  on  account  of  its 
cleanliness,  and  the  fact  that  it  is  readily  and  economically 
worked  periodically,  for  to  get  engobe  and  glaze  for  the  ca- 
pacity stated,  the  slip  plant  would  run  only  on  partial  time. 

The  biscuit  brick  are  brought  in  on  cars  and  placed  on 
the  long  tripple  benches  from  whence,  having  been  en- 
ameled, they  are  taken  and  placed  on  pallets,  loaded  on  cars 
and  run  into  the  drying  room.  The  drying  room  could  more 
properly  be  termed  the  ''storage  room''  for  there  is  no  need 
to  dry  the  bricks.  Usually  a  great  many  were  carried  to  the 
kiln  right  from  the  dipping  bench,  being  dried  in  the  12  hours 
wood  firing  which  started  the  burning.  The  main  purpose 
of  the  drying  room  was  to  take  care  of  the  bricks  dipped 
in  the  periods  when  there  was  no  kiln  room  for  them. 

The  kilns  may  be  located  near,  preferably  at  the  end 
opposite  the  slip-preparing  room,  so  that  the  ware  moves 
continuously  forward.  For  kiln  equipment,  the  writer  favors 
square  kilns  of  the  Stewart  type,  in  which  the  fire  gases 
pass  from  the  furnaces  beneath  the  floor  to  bags  on  the  op- 
posite side.  This  type  of  kiln  gives  a  very  uniform  distri- 
bution of  heat. 

The  plant  is  designed  for  a  very  small  capacity  (4,000 
brick  daily)  which  may  be  increased,  however,  without  much 
trouble.  The  given  capacity  is  obtained  by  filling  and 
emptying  the  benches  twice  daily,  using  one  crew.  To  in- 
crease this  to  double  or  possibly  triple,  would  merely  mean 
filling  and  emptying  the  benches  more  often  with  several 
crews  at  work.  The  slip  house  is  ample  for  three  or  four 
times  the  capacity  stated,  being  designed  to  permit  of 
enlargement. 
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The  buildings  shown  in  the  above  plates  have  not  yet 
been  constructed,  but  the  process  of  enamelling  is  being  car- 
ried on  successfully  on  the  original  small  scale  as  described 
above,  at  the  works  of  the  Columbus  Brick  &  Terra  Cotta 
Co.,  and  the  thanks  of  this  society  and  the  writer  are  due 
Mr.  L.  G.  Kilbourne  and  Mr.  Ellis  Lovejoy,  of  this  concern, 
for  permission  to  publish  this  description  of  the  work. 
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Note  by  the  Secretary  :  Thig  paper  was  read  yy  title  at  the 
Boston  meeting,  and  consequently  receiyed  no  discuBsion.  Discas- 
sion  is  now  specially  ioTited,  and  if  submitted  in  writing  will  af^ea^ 
In  future  volumes  of  these  transactions. 
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THE  GRINDING  OF  FLINT  AND  SPAR-* 

BY 

Charles  F,  Binns,  M.  So.  Alfred,  N.  Y. 
(with  90  speoimenB  and  5  micrograms.) 

Scarcely  a  meeting  of  the  Society  has  passed  but  some 
portion  of  {his  question  has  been  introduced.  It  would 
seem  as  though  there  were  a  close  agreement  amongst  us 
on  two  points^  first,  that  our  materials  should  be  ground  fine 
and,  second,  that  this  cannot  be  done. 

The  simple  line  of  experiments  discribed  in  this  paper 
is  an  outcome  of  the  thoughts  expressed  at  previous  meet- 
ings, and  was  undertaken  with  the  view  of  throwing  some 
light  upon  a  vexed  question. 

Science  can  never  be  a  partizan.  It  seeks  truth  and 
truth  alone,  and  whether  the  truth  be  in  accordance  with 
our  cherished  beliefs  or  opposed  to  them,  we  want  to  find  it. 

The  idea  was  to  make  up  a  series  of  bodies^  similar  in 
composition,  by  which  the  comparative  action  of  coarse  and 
fine  materials  should  be  illustrated. 

SELECTION  AND   PREPARATION    OF  THE  MATERIALS. 

Kaolin. — ^The  kaolin  of  the  Hockessin  Valley,  Dela- 
ware, was  chosen  as  a  typical  native  kaolin. 

The  composition  is: 

Clay  Bubatanoe  90.42 

Quartz  6.08 

Feldspathio  matter  3.60 

100.00 

Ball  Clay. — The  brand  selected  is  known  as  **Bx- 
celsior"  and  is  sold  by  the  Excelsior  Ball  Clay  Company, 
Covington,  Ky. 

The  composition  is: 

day    aubstanoe  08.26 

Quarts  86.00 

Feldspathio  matter  L74 

100.00 
•RMd  bjtltl«  »t  Boston  Meeting.   Disooselon  epeolaUj  invited. 
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Feldspar,  —  The    ordinary    spar  of  the  Eureka  Com- 
pany, Trenton,  N.  J.  was  used. 

The  composition  is: 

Clay  substance  4.28 

Quarts  8.16 

Feldspathic  matter  92.56 


100.00 

Flint. — ^The  French  Flint  of  the  Eureka  Company  was 
assumed  to  be: 

Quarts  100.00 

It  was  washed  successively  through  five  lawns  with 
the  following  results: 

On  100  mesh,  there  was  left  nothing  but  a  fragment  or 
two  of  flint  which  had  e3caped  grinding,  and  a  small  quanti- 
ty of  wood  fiber  from  the  linings  of  the  cylinders,  the  flint 
having  been   ground  dry  in  Alsing  cylinders,  lined  with 

wooden  blocks. 

On  120  mesh  was  left  1.4^ 

On  140    '*              '•  0.89t 

On  160    »'              **  0.8* 

On  160    *•               **  8.6* 

Through  160  mesh  98.4* 

Here  let  me  say  a  word  on  the  lawns  used.  Mr.  Mayer 
added  a  note  to  the  printed  discussion  of  his  paper  publish- 
ed in  the  last  Transactions,  stating  that  there  was  a  dif- 
ference of  standard  as  spoken  of  by  different  men.  I  want 
to  say  that  he  is  right  and  I  am  wrong  as  reported. 

The  number  of  the  lawn  is  the  first  two  figures  of  the 
number  of  meshes  to  the  linear  inch,  and  the  normal  lawns 
in  use  in  England  are  14  and  16,  No.  18  being  only  used  for 
stain.    This  is  as  far  as  my  experience  goes. 

I  used  16  lawn  as  the  finest  in  this  experiment  because, 
in  my  opinion,  it  will  answer  all  the  purpose.  A  lawn  can 
never  be  an  absolute  test  of  fineness,  its  use  is  to  separate  un- 
ground  particles,  and  not  to  gauge  the  size  of  the  fine  mater- 
ial. 

A  second  sample  of  the  same  flint  was  taken  and  ground 
wet  in  a  ball  mill,  until  it  seemed  fine  to  the  touch.  This 
was  also  lawned  through  1 6. 

The  residue  of  the  unground  flint  left  on  each    lawn 
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was  now  examined  microscopically,  and  the  grains  measured. 
The  sizes  are  expressed  in  the  microscopist's  unit  **mu'' 
(the  Greek  m)  being  of  the  value  of  one  thousandth 
part  of  a  millimeter.  The  size  of  the  openings  in  the  re- 
spective lawns  is  also  given: 

Grains  left  on  12  lawn  measured  200  m 

^^        '*  14               ^^            160  m  opening  passed  140  m 

**         "  16               **             120  m        '*             "       123  m 

*»         *»  16               **            100  m        *•            "       106  m 

Passed  through  16    (not  ground)     80  m        ^^            '*         87  m 

Passed  through  16    (ground)      20-40  m       ^'           **        87  m 

These  figures  are  instructive.  It  would  be  expected 
that  a  close  correspondence  would  be  found  between  the 
size  of  the  opening  in  a  lawn  and  the  grain  which  passed 
through  it,  but  I  scarcely  hoped  that  the  figures  would  fit 
together  so  neatly.  The  fact  that  the  grains  are  sometimes 
larger  than  the  holes,  is  due  to  the  shape  of  each.  The 
holes  are  square  and  the  diagonals  are  longer  than  the 
measured  diameter,  also  the  grains  are  quite  irregular  in 
form. 

A  sample  of  pan-ground  flint  was  then  examined  for 
the  sake  of  comparison  and  the  following  results  secured: 

On  120  mesh  was  left     8.6% 
On  140  ''  4.6% 

On  160  "  4  9% 

On  160  "  2.8% 

Through  1 60  mesh         84. 2% 

Thus  as  far  as  grinding  is  concerned,  the  sample  of  cylin- 
der ground  flint  has  the  advantage,  but  of  course  this  applies 
only  to  the  actual  samples  handled. 

Microscopic  examination  of  the  pan-flint  reveals  the 
fact  that  the  grains  are  similar  in  shape  to  those  of  the  cyl- 
inder ground.  It  has  been  argued,  especially  by  English 
potters,  that  the  grains  of  cylinder  flint  are  globular,  while 
those  of  pan-flint  are  angular.  In  the  samples  examined 
by  me  this  is  not  the  case.  The  micrograms  shown  in  Plates 
I  and  II,  prove  that  there  is  no  appreciable  difference  in  the 
grains  of  pan-flint,  cylinder-flint  and  cylinder-spar. 

Micrograms  of  the  unground  and  ground  flint  are  also 
shown,  in  order  to  illustrate  the  relative  size  of  grain.     Both 
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PLATB  I. 


1 


MiCBOGBAX,  8HOWINO  SHAPS  OF  GRAIN  OF  OTI^INDKB-OBOUKD  FUNT. 


MIOBOGBAM,  BHOWIVO  BHAPB  OF  ObAIITS  OF  PAN-OBOUND  FUMT,    OF 

Bajcb  Magnification. 
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PLATE  II. 


MlOBOOBAK  BHOWINO  SHAPE  OF  ObAIN  OF  OTI^INDBB-GBOUND  FELIMPAB, 

BAMB  MAOVIFIOATION  A8  FlilKT. 

have  passed  through  16  lawn  but  the  second  has  been 
ground  as  discribed.     (See  Plate  III.) 

Both  flints  were  dried  after  lawning  and  labelled  '^Sift- 
ed flint"  and  "Ground  flint"  respectively.  Pan-flint  was 
not  used. 

Feldspar:  The  normal  body-spar  of  the  Bureka  Co.  was 
treated  in  a  similar  manner. 

On  100  mesh  was  left  8.6% 

On  120            "  1.7% 

On  140            "  2.7% 

On  160           **  1.2% 

On  160            *'  2.2% 

Through  160  mesh  8&6  ^ 

A  second  sample  was  then  ground  fine.  This,  under 
the  microscope,  was  found  to  be  almost  identical  in  size  of 
grain  with  the  ground  flint. 

MIXING  THE  BODIES. 

It  was  decided  to  maintain  the  clays  at  a  constant  ratio 
because  the  experiment  was  only  concerned  with  flint  and 
spar. 
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PLATE  UI. 


i 


MiCBOOBAX,  Showiko  Dbt-obound  Otlindkb  Flint,  which  had  bben 

PUT  THBOUGH  100  MB8H  LAWN.     MAGNIFIED  250  DIAHBTBB8. 


S> 


c^ 


f7  ^ 


0 

e        1^  £7 


D 


?  •* 


<7 


<^ 


o 


MiCBOGBAM,  Showing  saxx  Flint  aftbb  Obinding  in  Wxt  Baix  Mill, 

Alfb  putting  THBOUGH  160  MBSH  LAWN.     MAGNIFIED  860  DlAlTBTXBS. 
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Four  series  were  projected  which  should  contain  respec- 
tively: 

I      Sifted  flint  and  normal  spar 
n    Ground  flint  and  normal  spar 
III  Sifted  flint  and  ground  spar 
rv  Ground  flint  and  ground  spar 

and  each  series  was  to  consist  of  three  members  containing: 

No.  1  Flint  40  Spar  10 
No.  2  **  80  "  20 
No.  3        '•        20        **     30 

in  accordance  with  the  table  below: 

Sbbibs  I. 


No. 

Kaolin. 

BallOlay. 

Sifted  Flint. 

Normal  Spar. 

1 
2 
8 

20 
20 
20 

30 
30 
80 

40 
30 
20 

10 
20 
80 

Sebies  n 

.. 

No. 

Kaolin. 

Ball  Olay. 

Ground  Flint. 

Normal  Spar. 

1 
2 
3 

20 
20 
20 

80 
80 
80 

40 
30 
20 

10 
20 
80 

Sebies  ill. 

No. 

KaoUn. 

Ball  Olay. 

Sifted  Flint. 

Ground  Spar. 

1 
2 
8 

20 
20 
20 

80 
30 
30 

40 
30 
20 

10 
20 
80 

ssBiEfl  rv 

• 

No. 

Kaolin. 

BaUOlay. 

Ground  Flint. 

Ground  Spar. 

1 
2 
3 

20 
20 
20 

80 
30 
80 

40 
30 
20 

10 
20 
80 
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The  rational  composition  of  each  series  is  identical,  and 
and  works  out  as  follows: 


Clay  Sabstance. 

Quartz. 

Feldspathic  Matter. 

Total 

No.  1—      87.8 

52.1 

10.6 

100 

No.  2—      37.8 

42.4 

19.8 

100 

No.  S—      38.8 

32.4 

29.8 

100 

The  whole  of  the  twelve  bodies  were  weighed  up, 
blunged,  and  lawned  through  No.  10  to  break  up  the  clay 
and  secure  a  perfect  mix.  A  portion  of  each  slip  was  used 
to  cast  a  small  vase,  and  the  remainder  was  made  into  clay 
and  pressed  into  plaster  molds  to  form  small  slabs,  thus 
showing  the  structure  of  both  cast  and  pressed  ware. 

In  order  to  throw  light  upon  the  mutual  reactions  of 
clay,  flint  and  spar,  two  more  series  were  prepared: 

Series  V. 


No. 

Kaolin. 

Ball  OU7. 

Sifted  Flint. 

Qround  Flint. 

Normal  Spar. 

1 
2 
8 

•  • 

•  • 

20 

•  • 

•  • 

80 

60 

•  • 

•  • 

•  • 

60 

60 
60 
60 

Series  VI. 

No. 

KaoUn. 

BaU  Olaj. 

Sifted  Flint. 

Ground  Flint. 

Ground  Spar. 

1 
2 
8 

•  • 

•  • 

20 

•  • 

•  • 

80 

60 

■  • 
•  • 

60 

60 
60 
60 

In  these  six  trials,  the  relative  action  of  spar  in  each  con- 
dition upon  flint  in  each  condition  and  upon  the  normal  clay 
blend  is  illustrated. 

The  mixtures  of  spar  and  flint  were  worked  with  muci- 
lage to  provide  an  artificial  plasticity,  those  of  spar  and  day 
were  treated  as  before  described.  The  whole  were  made  up 
into  small  plaques,  and,  with  the  members  of  the  first  four 
series,  placed  in  the  same  sagger  with  the  cones  exhibited 
and  fired  to  cone  9.  The  firing  was  maintained  (natural  gas 
being  the  fuel)  during  14  hours  in  an  oxidizing  atmosphere. 
The  cooling  took  26  hours. 
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The  whole   of  the  bodies  were  vitrified  and  the  other 
features  presented  are  tabulated  below: 

Series  I. 


No. 

Texture. 

Color. 

Ink  Test. 

1 
2 
3 

Granular 
Granular 
Granular 

Cream 
Stony 
Stony 

Slowly  absorbed 
Slightly  retained 
Slightly  retained 

SERIE8  II. 

1 
2 
8 

Dense 
Porcellanous 
Porcellanous 

Cream 
Stony 
Stony 

Slightly  absorbed 
No  absorption 
No  absorption 

Series  III. 


1 
2 
8 


Granular 
Granular 
Granular 


Cream 

Stony 

Stony 


Slightly  absorbed 
Slightly  retained 
Slightly  retained 


Series  IV. 


1 
2 
8 


Dense 
Porcellanous 
Poroellanous 


Cream 
Stony 
Stony 


Slight  absorption 
No  absorption 
No  absorption 


The  ^4nk  test"  consists  in  drawing  a  pen  full  of  ink  across 
a  broken  surface.  Some  times  the  ink  is  drawn  into  the  pores 
of  the  body,  some  times  it  spreads  through  the  irregularities 
of  the  granular  surface,  and  some  times  it  remains  where 
placed  and  can  be  washed  off  without  a  stain.  The  test  is  not 
exactly  scientific,  but  it  is  one  with  which  all  potters  are 
familiar  and  is,  moreover,  used  as  a  decisive  test  of  quality 
by  some  buyers.  The  comparison  of  the  trials  for  deter- 
mining the  effect  of  grinding  will  lie  between  Series  I,  where 
both  materials  are  crude;  Series  II,  where  the  flint  alone  is 
ground;  and  Series  III,  where  the  spar  alone  is  ground. 

In  Series  I.  numbers  2  and  3,  a  granular  structuie  is 
observed,  with  complete  vitrification,  but  the  coarse  grains 
allow  the  ink  to  spread.  There  are  also  numerous  brilliant 
specks  due  to  fragments  of  spar.  These  specks  disappear  in 
Series  III,  but  the  structure  appears  otherwise  unchanged. 
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In  Series  II,  however,  an  important  alteration  is  notice- 
able. Here  the  flint  has  been  ground  but  not  the  spar.  The 
granular  fracture  is  lost,  and  in  its  place  there  is  a  fine  porce- 
lain texture  upon  which  the  ink  has  no  effect  whatever. 
This  is  maintained  in  Series  IV,  the  only  difference  being 
that  the  bright  specks  before  alluded  to  disappear. 

The  evidence  so  far  is  that  the  grinding  of  flint  has  a 
very  marked  effect,  but  that  the  grinding  of  spar  has  less. 
This  seems  to  be  the  case,  whether  flint  or  spar  is  in  excess. 
Body  No.  II-2  with  30  per  cent,  ground  flint  and  20  per  cent, 
normal  spar,  is  as  vitreous  as  No.  III-3  which  has  20  per 
cent,  sifted  flint  and  30  per  cent,  ground  spar.  The  argu- 
ment from  this  is  that  if  the  flint  be  fine,  the  influence  of 
the  spar  will  be  increased,  whether  it  be  fine  itself  or  not. 

Turning  now  to  the  later  series,  V  and  VI,  some  inter- 
esting evidence  is  found.  The  relative  action  of  ground  flint 
and  ground  spar  is  in  accordance  with  that  stated  above,  but 
the  action  of  the  spar  on  clay  is  most  instructive.  The 
value  of  ground  spar  is  shown  better  here.  It  becomes  much 
more  powerful  by  grinding.  On  comparing  VI-3  with  V-3 
we  notice  the  higher  vitrification  of  the  former. 

The  blends  of  spar  and  clay  alone  have  the  appearance 
of  a  frit  or  slag.  They  seem  to  be  not  translucent,  but  trans- 
parent, and  to  this  fact  is  due  their  dark  color.  The  mix- 
tures of  spar  and  flint  seem  not  less  vitreous  or  translucent, 
but  they  lack  the  glass-like  transparency  which  the  clay 
mixtures  possess.  Prom  this  argument  may  be  deduced  that 
clay  substance,  perhaps  because  already  in  combination,  dis- 
solves in  the  fused  spar,  while  the  flint,  being  free  silica,  re- 
mains in  suspension. 

A  new  light  is  thus  cast  on  the  problem  of  color  and 
translucency.  Spar  appears  to  render  the  clay  mass  trans- 
parent and  dark,  because  the  rays  of  light  penetrate  and  are 
not  reflected.  The  effect  is  similar  to  that  of  a  depth  of 
water;  the  color  becomes  dark  by  the  absorption  of  light,  even 
tho  the  water  itself  be  colorless.  But  now,  if  a  sudden  ci- 
tation of  the  water  takes  place,  and  numerous  air  bubbles  be 
formed,  the  whole  becomes  a  pearly  white,  translucent  still, 
but  the  darkness  is  lost.     So  when  in  the  fused  mass  of  spar 
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there  are  present  a  large  number  of  flint  fragments,  the  re- 
flection from  these  imparts  whiteness,  and  through  the 
spaces  between  them  the  light  rays  can  pass.  Add  to  this 
the  fact  that  most  of  the  flint  grains  are  in  themselves  trans- 
lucent, and  there  is  an  explanation  of  the  combined  white- 
ness and  translucency  in  the  presence  of  flint,  which  does  not 
occur  in  its  absence.  Obviously  then  the  fine  grained  flint 
will  have  a  stronger  influence,  for  there  are  just  so  many  more 
points  for  the  reflection  of  the  light  rays. 

The  grinding  of  spar  has  the  effect  of  increasing  its 
power  at  a  given  temperature.  The  fragments  of  spar,  ren- 
dered fluid  by  heat  may  be  likened  to  a  number  of  pools  of 
liquid,  charged  with  the  duty  of  joining  with  each  other  over 
an  intervening  space  of  solid  ground.  If  these  pools  be  sep- 
arated into  smaller  portions,  their  size  being  one-fourth  and 
their  number  four  times  as  great,  it  is  obvious  that  the  solid 
ground  will  be  covered  so  much  more  thickly  and  the  dis- 
tance between  the  pools  correspondingly  reduced.  The 
effort  to  join  each  other  will  not  be  so  great,  and  energy  will 
be  economised. 

Now,  since  this  energy  is  in  the  form  of  heat,  and  fuel 
^osts  money,  it  is  certain  that  a  reduction  in  the  size  and  an 
increase  in  the  number  of  spar  particles  means  a  saving.  In 
addition  to  this,  the  reduction  in  the  size  of  the  liquid  points 
means  a  more  uniform  mass.  There  is  less  danger  of  blis- 
tering from  unequal  distribution  of  flux,  and  there  is  an  econ- 
omy of  material. 

It  may  be  argued  by  some  that  finer  grinding  of  flint  and 
spar  means  more  shrinkage,  and  a  consequent  expense,  in 
^ome  cases,  for  new  molds.  But  it  will  be  found  that,  with  the 
materials  properly  ground,  it  is  possible  to  increase  the  flint 
and  lower  the  spar,  thus  helping  to  maintain  the  size  and 
affording  a  whiter  body. 

*  The  evidence  of  this  experiment  is  strongly  in  favor  of 
fine  grinding,  and  the  time  will  surely  come,  and  that 
•quickly,  when  the  progressive  potter  will  formulate  a  de- 
mand in  this  direction  which  will  admit  of  no  denial. 
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DiBOUBSION  BY  LaWBENCE  E.  BaBBINQEB,* 
SOHENEOTADY,  N.  Y. 

On  the  subject  of  fine  grinding  of  flint  and  feldspar  I 
should  like  to  have  Mr.  Binns  asked  whether  he  has  noted 
any  change  in  the  chemical  behavior  of  feldspar  after  long, 
continued  grinding.  Of  course,  in  the  case  of  flint,  fine 
grinding  is  not  accompanied  with  any  chemical  change,  but 
geologists  in  studying  rock  decomposition  have  found  that 
natural  silicates  may  be  decomposed  by  grinding  with  cold 
water.  Daubree  found  on  rotating  angular  fragments  of 
feldspar  in  an  iron  barrel  with  water  at  a  velocity  of  one 
metre  per  second,  that  they  gave  .003  of  their  weight  of  clay 
per  kilometer.  Further,  he  took  three  kilograms  of  orthoclase 
and  rolled  in  an  iron  barrel  for  192  hours  (460  kilometers) 
and  found  that  it  gave  2.7  kilos  of  clay  and  that  12.6  gram^ 
of  K3O  were  set  free  as  silicate.  Distilled  water  was  used. 
The  experiment  proved  that  feldspar  may  be  decomposed  by 
water  alone  and  even  by  cold  water,  forming  kaolin  and  al- 
kaline silicate.  M.  Heim,  in  investigating  the  settling  of 
pottery  glazes,  also  found  that  long  continued  grinding  of 
frits  resulted  in  the  separation  of  free  alkali,  which  caused 
the  glaze  to  set  hard  in  the  bottom  of  the  mill.  I  am  inter- 
ested, therefore,  in  knowing  whether  it  is  possible  to  seri- 
ously affect  feldspar  from  a  potter's  standpoint  by  wet  grind- 
ing it  for  long  periods. 

«Oommoiiicatlon  wnt  In  to  the  Secretary. 


NOTE  ON  FINE  GRINDING  OF  GLAZES. 

BY 

OwBN  Gabteb,  Poole,  England. 

I  notice  in  a  paper  on  page  64  of  Vol.  I,  of  the  Trans- 
actions, the  writer  says: 

'^AU  these  glazes  could  not  be  used  in  commercial  work 
as  they  carry  too  much  frit.  They  settle  too  quickly,  and 
are  very  irregular  in  dipping.'* 

The  experience  my  firm  have  had  on  this  subject  may 
be  of  interest,  if  not  of  use  to  some  members. 

The  English  potters  have  been  for  some  time  fearing  the 
passing  of  some  kind  of  legislation  prohibiting  the  use  of 
glazes  of  high  solubility  as  regards  lead. 

The  difficulty  was  that  if  one  made  a  frit  to  meet  the 
proposed  government  requirements,  an  07  or  08  fire  was  nec- 
essary (our  usual  heat).  It  was,  therefore,  very  evident  that 
no  raw  flotative  ingredients  could  be  added,  raw  lead  being 
forbidden,  and  soft  alkaline  frits  being  impractical  for  vari- 
ous reasons. 

The  only  thing  to  be  done  was  to  use  the  pure  frit,  and 
then  came  the  difficulty  of  settling;  etc.  If  the  frit  was 
ground  wet  in  the  usual  way,  fine  enough  to  keep  in  suspen- 
sion in  water  for  dipping,  the  glaze  on  the  surface  of  the 
tiles,  when  the  water  had  dried  out,  would  become  covered 
with  fine  cracks,  and  upon  firing,  the  glaze  would  peel  up 
and  collect  into  beads  or  patches  on  the  surface  leaving  bare 
places.  Thin  dipping,  such  as  is  practiced  with  earthen- 
ware, would  prevent  this,  but  colored  glazes  on  tiles  must  be 
dipped  thickly. 

The  solution  of  the  problem  was  found  in  grinding  the 
frit  dry  in  Alsing  cylinders.  I  only  recollect  one  case  of 
peeling  up  with  a  dry  ground  glaze.  It  seems  almost  impos- 
sible to  dry-grind  it  too  finely.  I  do  not  say  that  too  fine 
grinding  is  in  every  case  the  reason  of  glazes  peeling  and 
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gathering  into  patches  and  beads;  but  I  think  that  this  is 
usually  the  cause.  Fortunately  it  can  generally  be  noticed 
before  the  tiles  are  fired,  if  one  is  on  the  look-out  for  it»  as 
after  dipping  and  standing  a  little  time  and  drying,  the  sur- 
face of  the  tile  will  be  noticed  covered  with  these  very  fine 
cracks,  especially  where  the  glaze  is  thick. 

The  firm  I  am  connected  with  being  anxious  to  do  away 
with  the  use  of  raw  lead  in  their  glazes,  use  a  frit  of  low  sol- 
ubility wherever  possible.  Probably  two  thirds  of  the  total 
glaze  used  at  their  works  is  just  the  pure  frit,  without  the 
addition  of  any  raw  material.  It  is,  however,  impossible  to 
use  it  for  all  the  colors. 


,r 


THE  EFFECT  OF  FINE  GRINDING  IN  THE  MANUFAC- 
TURE OF  BEDFORD  SHALE  BY  THE  DRY 
AND  PLASTIC  PROCESSES 

BY 

W.  G.  W0ROB8TEB,.  Pabkebsbubo,  W.  Va. 

In  the  economic  valne  of  the  Ohio  clay  deposits,  the 
red  Bedford  Shale  plays  an  important  role.  This  is  a  clay  of 
peculiar  and  striking  characteristics,  valuable  to  the  manu- 
facturer for  several  reasons:  Pirsjt  of  all,  it  produces  on 
burning  one  of  the  most  magnificent  red  colors  known, 
probably  the  finest  red  color  of  any  clay  in  the  United 
States.  In  addition  to  this,  it  possesses  the  property  of  vit- 
rifying at  a  slow  and  safe  rate,  since  its  point  of  vitrification 
and  its  melting  points  are  separated  by  a  wide  interval. 
Further,  it  retains  its  fine  red  color  even  when  vitrified, 
being  the  only  clay  known  to  the  writer  which  does  so. 
This  red  color  owes  its  source  to  the  presence  of  finely 
divided  ferric  oxide,  already  indicated  by  the  chocolate 
color  of  the  shale.  In  texture,  the  shale  is  extremely  fine 
grained,  and  is  readily  made  up  to  a  plastic  body.  In  addi- 
tion, the  bed  appears  to  be  remarkable  in  uniformity  of  com- 
position and  character. 

These  properties  are,  however,  counter-balanced  to 
some  extent  by  the  comparatively  large  shrinkage,  and 
the  fact  that  its  fine  and  dense  body  renders  it  hard  to  bum, 
owing  to  the  internal  gases  at  the  vitrifying  point  being 
unable  to  escape,  thus  causing  bloated  or  blistered  ware 
unless  burnt  slowly. 

It  is  now  the  purpose  of  this  paper  to  show  how  the 
characteristics  of  this  clay,  its  magnificent  red  color,  and  its 
property  of  retaining  this  color  at  vitrification,  may  be  re- 
tained and  its  disadvantages  eliminated,  making  this  elimi- 
nation complete  and  increasing  the  safe  burning  of  the  clay. 

It  has  not  been  known  until  quite  recently,  outside  of 
the  circles  of  geologists,  that  red  Bedford  Shale  is  found  at 
more  than  one  point  in  the  state,  that  being  at  and  near  South 

MS 
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Park.  However,  it  is  now  known  to  be  found  at  various 
points  from  the  lake  shore  to  within  a  short  distance  of  the 
Ohio  River.  As  before  said,  it  was  fonnd  at  South  Park,  and 
near  Cleveland;  at  Blyria,  there  are  beds  from  twenty  to 
thirty  feet  thick.  The  Vermillion  River  received  its  name 
from  the  fact  that  its  banks  near  Brownhelm  are  com- 
posed of  beds  of  the  red  Bedford  Shale  over  forty  feet  thick, 
and  the  waters  of  the  river  washing  this  red  deposit  are 
colored  red,  hence  the  name  Vermillion.  Passing  south  in  the 
state  it  is  again  reported  at  Leesvilld  Crawford  County, 
next,  at  Galena  and  Sunbury,  Delaware  County.  And  from 
the  latter  place  south,  it  has  been  traced  uninterruptedly  for 
a  distance  of  fifteen  miles  by  the  writer.     A  typical  section  on 

this  line  is  about  as  follows: 

Berea  Grit OtodO  feet. 

Chocolate  Shale  (Bedford) 10  to  40  feet. 

Green  or  Olive  Shale  (Bedford) . .    0  to  20  feet. 
Black  Shale  (Huron) (Unknown  depth. ) 

At  Taylors's  Station  there  is  a  fine  deposit  that  is  to  be 
worked  this  year  for  the  first  time.  It  was  ffom  this  de- 
posit that  the  samples  for  these  tests  were  taken.  Passing 
on  south  oi  Taylor's  Station  it  again  crops  out  near  Marcy, 
Fairfield  County.  Then  further  south  large  deposits  of  it 
are  found  at  Waverly  and  Piketon;  though  as  it  passes  south, 
the  red  chocolate  color  gradually  disappears  and  is  re- 
placed by  a  blue  or  gray  colored  material.  So  it  can  plainly 
be  seen  that  this  deposit  is  more  widely  distributed  than  has 
heretofore  been  known  by  clay  workers.  It  has  only  been 
worked  at  one  point,  Independence,  Ohio,  being  there  made 
into  the  famous  Akron  Red  pressed  brick,  a  color  which  it 
was  thought  could  not  be  reproduced  elsewhere. 

The  practical  question  now  arising  is  that  of  the  reduc- 
tion of  shrinkage  by  some  non-plastic  material.  The  follow- 
ing '^leaning"  or  non-plastic  substances  are  available  under 
ordinary  conditions;  first,  the  use  of  grog  from  the  same 
clay,  which  will  reduce  the  drying  but  not  the  burning 
shrinkage;  second,  the  use  of  fire-clay  grog,  which  will  reduce 
both  the  drying  and  burning  shrinkage,  but  will  practically 
spoil  the  color;  third,  the  use  of  sand,  which  will  do  away 
with  shrinkage,  but  is  very  apt  to  afiect  the  color  materi- 
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ally,  and  is  liable  to  introduce  undesirable  impurities  owing 
to  its  varying  composition.  Hence,  none  of  these  three  are 
perfectly  satisfactory. 

I  have  discovered  the  fact  that  the  Berea  Grit,  a  fine- 
grained sandstone  of  uniform  composition  which  invariably 
accompanies  the  Bedford  Shale,  assumes  on  burning  a  red- 
dish color.  This  suggested  the  use  of  this  stone  as  a  non- 
plastic  material  most  suitable  for  reducing  the  shrinkage  of 
the  shale.  No  economic  objection  can  be  offered  to  this 
argument,  and  there  only  remained  to  prove  by  actual  expe- 
riment its  influence  upon  the  color,  shrinkage  and  texture  of 
the  burned  shale. 

The  plan  of  the  experiments  carried  out  is  as  follows: 
First,  It  was  necessary  to  determine  the  shrinkage  of 
the  shale  by  itself,  and  at  the  same  time  to  inquire  into  the 
effect  of  grinding  the  shale  coarser  or  finer.  I  also  found  it 
necessary  to  determine  the  properties  of  the  shale  shown  in 
working  by  the  plastic  and  dry-press  processes.  I  therefore 
prepared  the  all-clay  series  as  follows: 

No.    l^All  clay,  over  100  mesh. 

No.  2—80  per  cent.  No.  1,  20  per  cent,  clay,  8  to  20  mesh. 
No.  8—80  per  cent.  No.  1,  20  per  cent,  clay,  20  to  40  mesh. 
No.  4—80  per  cent  No.  1,  20  per  cent,  clay,  40  to  60  mesh. 
No.  6—60  per  cent.  No.  1,  40  per  cent  clay,  8  to  20  mesh. 
No.  6—60  per  cent  No.  1,  40  per  cent,  clay,  20  to  40  mesh. 
No.  7—60  per  cent.  No.  1,  40  per  cent,  clay,  40  to  60  mesh. 
No.  8 — 40  per  cent  No.  1,  60  per  cent,  clay,  8  to  20  meah. 
No.  9—40  per  cent.  No.  1,  60  per  cent  day,  20  to  40  meah. 
No.  10—40  per  cent  No.  1,  60  per  cent,  clay,  40  to  60  mesh. 

Second.    It  was  also  necessary  to  prepare  shale  mixtures 

in  which  the  crushed  Berea  grit  is  incorporated,  analagous 

to  the  mixtures  of  the  all  clay  series;  for  this  purpose,  the 

sandstone  was  crushed  and  screened  similarly  to  the  shale, 

and  the  following  mixtures  prepared: 

No.      1— All  clay,  over  100  meah. 

No.  02—80  per  cent  No.  1,  20  per  cent,  atone,  8  to  20  meah. 
No.  06—80  per  cent  No.  1,  20  per  cent,  atone,  20  to  40  meah. 
No.  04—80  per  cent  No.  1,  20  per  cent  atone,  40  to  60  meah. 
No.  06—60  per  cent  No.  1,  40  per  cent  atone,  8  to  20  meah. 
No.  <HI— 60  per  cent.  No.  1,  40  per  cent  atone,  20  to  40  meah. 
No.  07—60  per  cent.  No.  1,  40  per  cent,  atone,  40  to  60  meah. 
No.  08—40  per  cent  No.  1,  60  per  cent,  atone,  8  to  20  meah. 
No.  09—40  per  cent.  No.  1,  60  per  cent  atone,  20  to  40  meah. 
No.  010—40  per  cent  No.  1,  60  per  cent,  atone,  40  to  60  meah. 
No.  Oil — ^70  per  cent  clay,  90  per  cent  atone,  grooDd  In  ball 
mifil  three  hoars. 
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The  shale  was  put  through  a  small  jaw  crusher  which 
reduced  it  until  it  passed  through  an  eight  mesh  screen;  it 
was  next  thrown  onto  a  twenty  mesh  screen,  and  carefully 
sifted;  all  that  remained  on  the  twenty  mesh  was  saved;  the 
part  that  has  passed  the  twenty  mesh  was  put  onto  a  forty 
mesh  and  sifted  again;  what  remained  on  the  forty  mesh 
was  put  aside.  The  portion  which  was  finer  than  the  forty 
was  sifted  on  a  sixty  mesh,  and  the  part  that  did  not  pass 
through  it  was  saved.  The  balance  of  the  material  was 
then  sifted  on  the  hundred  mesh  screen,  and  that  which 
passed  through  it  was  taken  as  the  starting  point  for  all 
of  the  tests. 

The  various  mixtures  were  then  weighed  out  and  mixed 
by  passing  them  through  sieves  and  repeated  stirring.  For 
the  dry  press  tests,  the  different  batches  were  placed  in  a 
clean  enameled  pan,  one  at  a  time,  and  mixed  with  water  un. 
til  each  seemed  to  have  the  proper  amount  for  dry  pressing. 
As  soon  as  each  was  supplied  with  its  requisite  amount  of 
moisture,  it  was  placed  in  a  fruit  can,  screwing  the  top  down 
tight  and  allowing  it  to  stand  for  forty-eight  hours,  so  as 
to  distribute  the  moisture  evenly  throughout  the  mass. 

For  the  plastic  tests,  the  mixtures  were  taken  one  at  a 
time  in  a  clean  basin,  and  water  added  until  they  could  be 
worked  nicely  by  the  hands;  it  was  then  worked  well  to  free 
it  from  air  as  far  as  possible,  and  was  then  molded  at  once 
into  small  brickettes,  using  brass  molds  such  as  are  used  for 
making  cement  brickettes  for  tensile  strength  tests.  As 
soon  as  removed  from  the  mold,  they  were  each  in  turn 
weighed  very  accurately,  and  shrinkage  marks  made  upon 
them  by  means  of  a  very  thin  spatula.  The  brickettes  were 
then  placed  upon  smooth  boards,  and  allowed  to  dry  slowly 
until  leather  hard;  they  were  then  put  upon  racks  above  a 
hot  plate,  and  the  heat  was  slowly  increased  until  they  were 
to  all  appearances  dry.  Taking  them  from  the  racks  they 
were  placed  in  small  drying  ovens,  and  kept  at  120  degrees 
C  for  three  hours;  removing  them  from  the  oven  while  hot, 
they  were  placed  in  dessicators  until  cool,  and  then  weighed 
and  also  measured,  to  note  the  drying  shrinkages  and  per- 
centage of  water  used  for  mixing. 
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The  work  of  making  the  dry  press  tiles  was  done  as  fol- 
lows: The  mixtures  which  had  been  placed  in  the  fruit  cans 
were  taken  to  a  testing  machine  used  for  making  crushing 
and  cross-breaking  tests  in  the  mechanical  department  the  of 
Ohio  State  University.  A  die  two  inches  by  two  inches  was 
used,  and  the  machine  set  to  give  12,000  pounds  pressure  per 
square  inch;  as  it  was  desired  to  have  every  tile  receive  the 
same  pressure,  and  knowing  that  anything  like  accurate  re- 
sults could  not  be  obtained  by  trying  to  guess  at  the  amount 
of  pressure  applied  to  each.  As  soon  as  removed  from  the  die, 
they  were  numbered,  and  a  mark  made  with  a  knife  from 
side  to  side  from  which  the  shrinkage  was  measured. 
These  tiles  were  also  weighed  at  once,  and  were  dried  in  the 
same  manner  as  the  plastic,  except  that  they  were  placed 
over  the  hot  plate  immediately.  After  allowing  them  to  cool 
in  the  dessicator,  they  were  weighed  again  and  each  tile  was 
measured  for  shrinkage,  but  the  shrinkage,  if  any,  had  been 
so  slight  that  it  was  impossible  to  measure  it. 

Per  Cent,  of  Water. 


AU-Olay  Series. 

Stone  Series. 

No. 

Dry  Press. 

PlMtle. 

No. 

Dry  Press. 

PlMtlC. 

1 

5.2% 

20% 

1 

5.2% 

20% 

2 

4.5 

11 

02 

6.2 

24 

3 

6.8 

20 

08 

6.6 

19 

4 

4.8 

20 

04 

9.8 

15 

5 

6.7 

17 

05 

6.7 

16 

6 

9.3 

19 

06 

1.4 

IB 

7 

9.8 

19 

07 

7.8 

18 

8 

7.8 

18 

08 

3.9 

13 

9 

8.4 

12 

09 

6.6 

16 

10 

7.5 

19 

010 

7.8 

15 

Oil 

6.6 

28 

BURNING. 

In  the  carrying  out  of  this  part  of  the  investigation,  a 
small  rectangular  down-draft  kiln  at  the  ceramic  department 
of  the  Ohio  State  University  was  used,  The  tile  and  brick- 
ettes  were  packed  in  a  sagger  rather  closely,  though 
using  clean  white  sand  between  each.  The  sagger  was  then 
placed  as  near  the  center  of  the  kiln  both  vertically  and  hori- 
zontally as  possible;  bricks  were  then  set  around  the  sides 
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and  over  the  top  of  the  sagger  in  order  to  hold  the  heat  as 
even  as  possible.  Prom  a  previous  trial-bum,  it  was  known 
that  cone  06  would  bring  this  clay  to  a  good  sound  body, 
though  not  vitrified,  so  for  this  bum  cones  07, 06  and  05  were 
placed  immediately  in  front  of  the  sagger  and  in  ^the  sagger. 
The  firing  was  proceeded  with  in  the  usual  way  using  soft 
coal  and  gas  coke  for  the  fuel.  At  the  end  of  twenty-eight 
hours,  cone  07  was  nearly  down  and  06  started,  so  the  fire  was 
allowed  to  bum  clear  and  the  damper  lowered;  the  kiln  was 
then  allowed  to  cool  twenty-four  hours,  after  which  time  the 
ware  could  be  handled. 

The  various  trials  were  then  measured  again,  and  each 
one  weighed;  they  were  immersed  in  distilled  water  for  a 
period  of  forty-eight  hours;  they  were  then  taken  out  one  at 
a  time,  the  surface  water  wiped  off  with  a  clean  towel,  and 
weighed  at  once.  This  gives  the  weight  of  water  ab- 
sorbed as  a  measure  of  porosity. 

RESULTS  OP  THB  BURN. 

All  Clay  SeriiSy  Dry  Press, 

In  selecting  the  most  suitable  mixture,  the  points  taken 
into  consideration  were:  first,  color;  second,  shrinkage;  third, 
porosity;  fourth,  indications  of  proper  burning.  In  the  ac- 
companying table  all  the  data  obtained  are  collected;  it  will 
be  seen  that  the  densest  mixtures  show  black  cores,  indicat- 
ing difiiculty  of  burning  which  must  rule  out  these  mixtures. 
With  coarser  grains,  the  difiiculties  of  burning  disappear  and 
at  the  same  time  neither  the  burning  shrinkage  nor  poros- 
ity are  increased.  The  mixtures  selected  are  first  number  3, 
whose  composition  is  80  per  cent,  clay  over  100  mesh,  20 
per  cent,  clay  20  to  40  mesh  and  which  when  made  up  with 
6.33  per  cent,  water  will  give  4.43  per  cent,  burning  shrink- 
age and  3.48  per  cent,  porosity.  The  second  best  is  number 
10  whose  composition  is  40  per  cent,  clay  over  100  mesh,  and 
60  per  cent,  clay  40  to  60  mesh,  and  when  made  up  with  6.63 
per  cent,  water  will  give  3.13  per  cent,  burning  shrinkage 
and  7. 74  per  cent,  porosity. 
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No. 

App«ar»noe. 

Remarks. 

1 

Black  Core  nearly  throughout. 

Relected  on  acc't  of  Black  Core. 
Be  ected  on  acc*t  of  Black  Core. 

2 

Black  Core  4-6  cross  section. 

8 

No  Black  Core. 

Accepted.    (Best.) 

4 

Black  Core  ^  cross  section. 
Black  Core  9i  cross  section. 

Bejected.    Black  Core. 

6 

Rejected.    Black  Core. 
Fifth  best. 

6 

No  Black  Core. 

7 

No  Black  Core. 

Fourth  best 

8 

Signs  of  Black  Core. 

Rejected.    Too  coarse. 
Third  best 

9 

Signs  of  Black  Core. 
Color  exceptionally  good. 

10 

Second  best 

All  Clay  Series^  Plastic. 
The  selections  of  the  most  suitable  mixtures  in  this  series 
was  rendered  somewhat  difficult  by  the  fact  that  they  were 
under-burned,  so  that  the  proper  color  selection  could  not  be 
made.  Black  cores  were  only  shown  by  two  mixtures,  Nos. 
1  and  2.  All  that  could  be  done  in  this  series  was  to  judge 
the  color  from  the  corresponding  colors  of  the  dry.press 
series  which  were  burned  harder^  and  to  select  the  mixture 
showing  the  lowest  shrinkage  and  porosity.  The  most 
favorable  mixtures  are  Nos.  7  and  8.  Number  7,  whose  com- 
position is  60  per  cent,  clay  over  100  mesh  and  40  per  cent, 
clay  40  to  60  mesh  with  19  per  cent,  water,  gives  9.37  per 
cent,  total  shrinkage  and  6.8  per  cent,  porosity.  The  sec- 
ond best,  number  8,  whose  composition  is  40  per  cent,  clay 
over  100  mesh,  and  60  per  cent,  clay  8  to  20  mesh,  when 

mixed  with  18  per  cent,  water  gives  8.6  per  cent  total 
shrinkage  and  7.66  per  cent,  porosity.  The  data  are  shown 
in  the  following  table. 


• 

m9 

«& 

• 

No. 

Appeaimnoe. 

R«marks. 

5| 

• 

Bamln 
Shrink* 

OQ 

PoroBltj. 

1 

Good  color  l-3black 

Belected 
Rejected 

e.80 

5.70 

12.60 

8.11 

2 

Good  coior  %  black 

a25 

4.69 

10.94 

6.10 

8 

Soft  burned 

a.26 

8.91 

10.16 

7.27 

4 

Soft  burned 

7.81 

4.70 

12.60 

6.79 

6 

Soft  burned 

2nd  best 

6.86 

8.18 

a99 

7.90 

6 

Soft  burned 

8rd  best 

8.25 

8.91 

10.16 

7.24 

7 

Soft  burned 

1st    best 

5.47 

8.90 

9.87 

6.80 

8 

Soft  burned 

6,47 

8.12 

8.69 

7.66 

9 

Soft  burned 

7.42 

2.74 

10.16 

7.28 

10 

Soft  burned 

6.25 

4.68 

10.94 

6.68 
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Stone  Series^  Dry  Press, 

Nambers  02,  05,  06,  08  and  09  were  rejected  on  account 
of  either  pale  color,  or  being  rough  on  the  surface  due  to 
sand  grains.  The  most  favorable  mixtures  are  03  and  Oil, 
the  latter  however,  having  the  defect  of  showing  some  lam- 
ination. The  cause,  however,  is  not  fully  determined,  as  it 
may  be  due  to  the  high  pressure,  or  due  to  too  much  or  too 
little  water,  or  too  great  fineness  of  grain.  Number  03  when 
made  up  with  6.6  per  cent,  water,  showed  2.4  per  cent,  total 
shrinkage  with  7.15  per  cent,  porosity.  Number  Oil  when 
made  up  with  6.63  per  cent,  water,  showed  3.13  per  cent 
total  shrinkage  and  7.74  per  cent,  porosity.  The  data  are 
not  published  in  full,  but  the  four  best  mixtures  are  selected 
for  the  following  table. 


■ 

a 

« 

• 

« 

mM 

WW 

QB 

?« 

a« 

•2« 

• 

Bm 

"S-** 

J'M 

No. 

Remarks. 

Dry 
hrln 

25 

9u 

Porosity. 

PQi3 

A 

OD 

(S 

(S 

08 

None 

2.42 

7.15 

04 

Selected,  as  the  best 

None 

2.28 

17.71 

07 

of  the  Dry-press  Series. 

None 

1.72 

10.96 

Oil 

None 

8.18 

7.74 

Stone  Series^  Plastic. 

None  of  the  mixtures  in  these  series  showed  any  black 
cores  whatever;  they  suffered  the  defect  of  not  having 
been  burned  enough.  Number  Oil,  Having  for  its  composi- 
tion 70  per  cent,  clay,  30  per  cent,  stone,  and  having  been 
ground  in  a  ball  mill  for  three  hours,  showed  defect  of  being 
laminated  quite  strikingly,  which  suggests  that  it  is  too  fine. 
Numbers  04  and  07  were  the  most  suitable  mixtures,  04  with 
15  per  cent,  water  shows  8.6  per  cent,  total  shrinkage  and 
8.8  per  cent,  porosity.  Number  07  with  18  per  cent,  water 
showed  7.42  per  cent  total  shrinkage  and  10.65  per  cent, 
porosity.  These  porosities  can  only  be  considered  as  rel- 
ative values,  since  when  burned  to  the  proper  temperature 
they  would  show  a  much  smaller  percentage.  But  it  is  evi- 
dent that  any  gain  in  decreased  shrinkage  is  to  some  extent 
balanced  by  the  increased  porosity.    The  same  four  mix- 
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tures    are    here    also    the    best,    and    are    shown    in    the 
table  below. 
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No. 

Remarks. 

1^ 

il 
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Porosity. 

fixi 

PQd 

xi 

OD 

OQ 

OD 

03 

2.34 

5.47 

7.81 

11.26 

04 

Selected,  as  the  best 

4.09 

3.90 

8.59 

8.84 

07 

of  the  Plastic  Series. 

6.47 

1.95 

7.42 

10.55 

Oil 

6.25 

3.91 

10.16 

10.77 

GENERAL    CONCLUSIONS. 

A  remarkable  fact  noticed  in  this  test  was  that  both  of 
the  dry  press  series,  though  burned  with  the  plastic  trials 
showed  a  better  color  and  greater  hardness.  Prom  the  re- 
sults before  us,  the  conclusion  to  be  reached  would  be  that 
where  dry  pressing  is  practiced,  no  addition  of  sand  is  neces- 
sary. It  might  pay  to  use  a  small  proportion  of  60  to  100 
mesh  stone,  say  about  10  per  cent,  as  this  will  facilitate  the 
proper  burning  of  the  ware  by  opening  up  its  pore  system 
to  a  small  degree,  and  thus  tend  to  prevent  bloating. 
However,  greater  care  should  be  taken  to  properly  size  the 
grains  of  clay  than  is  now  being  done  in  most  brick  works. 
For  the  red  Bedford  Shale,  the  most  suitable  combination  of 
sizes  is  shown  by  Number  3,  followed  by  Number  10. 

On  the  other  hand,  where  it  is  necessary  to  work  the 
red  Bedford  Shale  by  the  plastic  process,  as  for  roofing  tile, 
paving  brick,  stiff-mud  face  brick,  machine-made  terra  cotta, 
etc.,  ground  stone  mixture  should  be  used.  The  most  suit- 
able mixtures  are  the  compositions  of  numbers  04  and  07; 
in  addition  to  decreased  shrinkage,  another  great  advantage 
is  the  increased  safety  of  burning,  which  will  shorten  the 
time  and  decrease  the  loss  of  ware  due  to  black  cores  and 
will  soften  it  considerably.  These  advantages,  therefore, 
greatly  overbalance  the  somewhat  greater  porosity. 

One  great  advantage  of  the  plastic  stone  series  is  that 
over-burning  cannot  occur.  Even  in  careless  burning,  bloat- 
ing is  made  almost  impossible.  This  last  statement  was  ver- 
ified by  myself,  in  an  experiment  in  which  I  made  cones  of 
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both  the  all  clay  and  stone  series^  burning  them  to  a  tempera- 
ture of  l.SOO^C,  in  a  reducing  fire.  The  all  clay  cones  were 
badly  bloated  and  blistered  and  had  melted  down,  while  on 
the  other  hand,  the  sand  series  though  vitrified,  had  either 
commenced  to  fuse  smoothly,  without  bloating,  or  were  still 
in  an  unfused  condition. 

The  cone  tests  showed  very  consistently  a  very  peculiar 
fact  which  was  unexpected  to  me;  this  was  that  the  mix- 
tures highest  in  stone,  60  per  cent,  were  the  most  fusible 
ones,  which  is  contrary  to  the  laws  of  fusibility  applied  to 
ferruginous  clays,  but  in  accordance  with  the  laws  referring 
to  the  refractory  clays.  One  explanation  which  suggests 
itself,  is  that  iron  of  the  clay  may  have  been  drawn  into  re- 
action with  the  silica,  forming  a  fusible  iron  silicate  which 
started  the  fluxing  action,  and  caused  the  cones  to 
fuse  earliest 


ON  THE  PRODUCTION  OF  AN  EASILY  FUSIBLE  GLASS 
WITHOUT  THE  USE  OF  LEAD  OR  BORAQC- AOD* 

BY 
PROFB680R  EDWABD  OBTON,  Jb.,  E.  M., 

Ck)LUMBUB,  Ohio. 
/.     Purpose  of  the  Investigation. 

In  the  last  two  meetings  of  this  Society,  papers  have 
been  read  and  discussions  have  been  had  on  certain  defects 
of  the  Seger  cone  as  a  means  of  control  for  the  burning  of 
clay  wares.  The  criticisms  raised  have  been  directed  al- 
most entirely  to  that  part  of  the  cone  series  devised  by  Dr. 
£.  Cremer  of  Berlin,  which  was  grafted  onto  the  original 
series  developed  by  Dr.  Seger,  some  time  after  the  latter  had 
been  brought  to  public  attention,  and  also  to  the  lower  three 
members  of  Seger's  series,  in  which  PeaOg  is  used  as  a  flux. 
These  criticisms  have  not  been  directed  to  the  Seger  cones 
free  from  iron,  nor  to  the  recent  series  devised  by  Dr.  Hecht 
for  the  mej^urement  of  temperatures  below  950X. 

The  various  charges  which  have  been  made  and  sub- 
stantiated against  these  ferrugineous  cone  mixtures  are  as 
follows: 

1st.  It  has  been  shown  by  Gorton^  that  the  presence 
of  ferric  oxide  as  a  flux  constitutes  a  source  of  irregularity 
in  their  heat  reactions,  from  the  fact  that  PeaOs  is  easily  re- 
ducible to  2  PeO,  by  CO  or  CH4  or  H  in  the  kiln  gases,  and 
that  PeO  is  known  to  cause  fusion  in  a  silicate  mixture  at 
temperatures  much  lower  than  Pe208  will  do.  Wheeler 
gives  the  difference  as  amounting  to  200  deg.C,  and  while 
the  writer  is  unable  to  find  other  support  for  this  statement, 
his  own  experience  confirms  it,  at  least  so  far  as  agreeing 
that  the  difference  is  a  considerable  one.  A  silicate  which 
is  designed  to  fuse  j^niformly  at  one  temperature,  should  at 
least  avoid  the  use  of  fluxes  which  can,  by  mere  variations 

1  Trani.  Amerloan  Oeram^^^Boelety,  Vol.  II,  psgei  6(MM. 
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in  the  firing,  develop  considerable  difference  in  fusing  point. 

2nd.  The  use  of  a  boro-silicate  frit  as  the  basis  of  the 
Cremer  series  has  been  condemned.  It  has  been  pointed 
out  by  Hottinger^  that  boracic  acid  is  a  very  volatile 
constituent,  which  not  only  escapes  by  volatilization,  but  is 
easily  set  free  from  its  compounds  by  SOs  in  the  kiln  gases, 
and  thus  expelled  much  more  rapidly  than  would  be  the 
case,  if  it  were  heated  in  pure  air  alone.  This  fact  has  been 
used  to  explain  the  ^'drying  out''  of  the  tips  of  the  cones; 
the  formation  of  a  hard  shell,  and  a  molten  interior;  the  fail- 
ure to  bend  at  the  proper  time,  and  other  defects  of  the 
Cremer  cones. 

3rd.  The  formation  of  CaS04  from  the  CaCOs  used  in 
the  cone  series,  or  from  the  CaO  formed  by  the  breaking 
down  of  the  latter,  has  also  been  pointed  out  as  a  fruitful 
cause  of  trouble,  especially  in  the  low  temperature  cones. 
In  firing  kilns  at  low  temperatures,  the  kiln  gases  are  gener- 
ally maintained  in  oxydising  condition,  and  thus  no  oppor- 
tunity occurs  to  expel  the  SO3  by  reduction  to  SOa,  which 
generally  does  take  place,  intentionally  or  otherwise,  when 
the  kiln  is  to  reach  a  temperature  above  cone  1.  The  CaO 
which  goes  into  combination  with  SOs  is  suppo^d  to  be 
withdrawn  from  duty  as  an  active  flux,  until  the  acid  is  finally 
expelled.  Meanwhile,  the  fusion  of  the  cone  is  supposed  to 
be  delayed  for  the  lack  of  the  requisite  quantity  of  effective 
flux. 

All  three  of  these  charges  are  based  upon  numerous 
authenticated  cases,  in  which  it  has  seemed  clear  that  the 
reason  assigned  has  been  undoubtedly  to  blame  for  the 
trouble.  For  instance,  Gorton  showed  that  by  omitting  iron 
from  his  cones,  that  he  greatly  improved  their  behavior. 
Hottinger  showed  that  cones  and  glazes  of  the  same  compo- 
sition, fired  in  the  open  kiln  were  defective  as  described, 
while  fired  in  saggers  washed  with  lime  to  intercept  the  SQst 
the  same  cones  and  glazes  behaved  perfectly.  Lastly,  the 
writer  has  found  that  cones  which  failed  to  fuse  at  the 
proper  temperature,  and  which  swelled^^adly  on  fusion,  con- 

1  Trang.  Amerioan  Oeramlo  Boolety,  VoL  11,.  pftge  W— Vol.  Ill,  pftg«  IM. 


WITHOUT  liEAD  OB    BOBAOIO  AOID.  807 

tained  2.6  per  cent,  of  sulphur  which  was  not  in  the  cone 
when  placed  in  the  kiln^  and  which  had  undoubtedly  been 
absorbed  from  the  gases  during  firing,  and  which  undoubt- 
edly prevented  normal  fusion. 

The  writer  has  undertaken  the  following  investigation 
with  a  view  to  ultimately  producing  a  series  of  cones  which 
will  occupy  the  temperature  range  now  covered  by  the 
Cremer  series,  but  which  will  avoid  wholly  or  in  part  the 
above  defects.  The  principal  points  in  which  it  seems  that 
such  an  improved  series  should  difiper  from  that  of  Dr. 
Cremer,  are: 

1st.    The  omission  of  iron  oxide  as  a  flux,  and  its  sub- 
stitution by  some  other  oxide  not  subject  to  easy  reduction. 
.  2nd.    The  replacement  of  the  boro-silicate  frit  by  one 
less  volatile,  and  less  easily  attacked  by  acid  kiln  gases. 

3rd.  The  cessation  of  the  use  of  lime  and  other  strong 
bases  in  the  form  of  carbonates  or  oxides,  which  invite  the 
formation  of  sulphates  during  the  early  portion  of  the  burn. 

//.     General  Method  of  Attack. 

It  is  obvious  at  the  outset,  that  these  limitations  threaten 
to  make  the  task  a  somewhat  difficult  one.  There  remains 
commercially  available  for  use  only  the  following  oxides, 
capable  of  making  colorless  or  white  silicates: 


EsO 

NasO 

CaO 

MgO 

BaO 

ZnO 


AliOs,  8iOt 


with  the  possible  addition  of  P2O5,  as  an  available  acid. 
These  substances  may  be  compounded  into  a  frit  or  may  be 
used  raw  in  any  form  which  will  gain  the  end  in  view. 

But  little  experience  is  required  in  the  compounding  of 
raw  stoneware  glazes,  to  know  that  with  this  preceding  list 
of  availables,  no  raw  or  unfritted  mixture  fusing  at  the  melt- 
ing point  of  cone  010,  or  950  deg.C  can  be  made.  In  fact, 
excluding  BaO,  no  glaze  can  be  made  from  the  others  which 
fuses  below  cone  1,  without  resorting  to  other  sources  of  al- 
kali than  feldspar,  which  is  impractical  in  cone  manufacture. 
The  use  of  BaO  has  not  been  extensively  tried  by  the  writer, 
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but  the  results  where  tried  were  such  as  to  indicate  that  it 
would  not  greatly  reduce  the  point  of  initial  combination, 
though  quite  fusible  after  combination  had  been  once  per- 
fected. Hence,  fritting  must  be  accepted  at  the  outset  as 
absolutely  essential  to  any  successful  effort. 

Dr.  Hecht  has  pointed  out^  that  the'  proper  compound- 
ing of  a  low  temperature  cone  mixture  requires  a  frit  or  a 
fusible  glass  base,  and  a  certain  amount  of  raw  or  unfritted 
materials.  The  frit  cannot  properly  exceed  a  certain  pro- 
portion of  the  total  mixture,  because  glasses  soften  and  pass 
from  rigid  solids  into  liquids  so  rapidly  that  cones  made  large- 
ly from  them  would  be  too  sensitive,  and  would  not  undergo  a 
gradual  vitrification  and  gentle  fusion.  The  raw  ingredients 
play  an  important  part  in  holding  up  the  body  mass,  and 
requiring  an  appreciable  time  to  complete  their  vitrification 
and  fusion,  even  after  the  glass  has  fused  completely. 

///.     Attempt  to  Use  Common  Glass, 

The  first  experiment  made  was  to  use  common  lime- 
soda  glass  as  the  frit,  as  it  can  be  had  cheaply  and  abund- 
antly. 

Its  average  composition  may  be  taken  as 

al  So"  \  ^»  Sio. 

Accordingly,  a  lot  of  scrap  glass  was  procured,  and 
ground  in  a  wet  ball-mill,  till  it  readily  passed  through  a  150 
mesh  screen.  This  was  dried  and  weighed  as  a  fine  powder. 
The  formula  of  the  first  test  mixture  was  roughly: 

l-A-  ^;5  ^IJ^  }0.3  Al,08,  2.10  SiOi 

The  alkali,  0.3  eqv.  of  the  .lime,  and  1.50  eqv.  of  the 

silica  were  derived  from  the  glass,  while  0.4  eqv.  lime  was 

supplied  as  bone  ash,  under  the  hope  that  the  latter  might 

be  used  as  a  source  of  lime,  which  would  not  open  up  the 

troubles  incident  to  the  use  of  CaCOs  iu  its  commercial 

forms.     The  alumina  was  supplied  as  kaolin,  so  that  the 

batch  weights  of  the  mixture  were: 

Powdered  window  glass..  41.8    • 

l-A  —  Calcined  bone 13.7 

Kaolin 35.8 


81.8 
1  Tbon  Induftrte  Zeltung,  Vol.—,  page  189. 
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These  ingredients  were  ground  intimately  together, 
dried,  mixed  with  dextrine  paste,  and  molded  into  test  cones, 
which  were  then  tested  against  the  regular  cones  from 
010  to  1. 

The  glass-bone-kaolin  mixture  fused  a  little  later  than 
cone  1,  probably  at  about  cone  2;  no  cone  number  2  was  put 
in  the  test,  as  the  temperature  required  for.  fusion  of  the  un- 
known mixture  was  a  complete  surprise.  Even  when  it 
went  down,  it  made  merely  a  nice  white  porcelain,  and  indi- 
cated that  it  was  some  distance  from  liquidity. 

This  single  test  at  once  dispelled  any  hopes  of  being  able 
to  utilize  bone  as  a  vigorous  aid  in  low  temperature  work.  It 
did  not  shatter  our  hopes  of  being  able  to  still  utilize  glass 
alone,  which  we  next  prepared  as  follows: 

TABLE  I. 


T9n 

Ingredients 

Molecular  Formala 

^  V. 

Na,0 

OaO 

A1.0, 

sio. 

l-B 
1-C 
1-D 
1-E 
1-F 
1-G 

Glass  alone 
Glass  +  0.1  clay 
Glass  -f-  0.2  clay 
Glass  4-  0.8  clay 
Glass  Hh  0.4  clay 
Glass  +  0.5  clay 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.6 
0.5 
0.5 
0.5 

0.0 
0.1 
0.2 
0.8 
0.4 
0.5 

2.60 
2.70 
2.90 
8.10 
8.80 
8.60 

These  mixtures  were  each  prepared,  mixed  with  dex- 
trine, molded  into  cones,  dried,  and  tested  against  cones  010 
to  1  as  before.  To  our  great  surprise,  No.  l-B,  consisting  of 
pure  glass  alone,  stood  up  till  cone  03  was  down  flat,  and 
cone  02  was  bent  to  a  semi-circle,  point  touching.  At  the 
same  time,  mixtures  1-C  andl-D  were  almost  as  much  af- 
fected as  l-B,  while  l-£  was  slightly  bent  and  P  and  G  were 
not  yet  affected.  This  showed  that  the  melting  point 
of  common  glass,  if  fairly  represented  by  our  sample,  was 
altogether  too  high  for  our  purpose,  and  also  that  a  cone  in 
which  glass  was  the  principal  part,  constituting  70  per  cent, 
or  more  of  the  mixture,  melted  substantially  as  if  it  were 
pure  glass.  It  requires  more  than  30  per  cent,  sterile  or  in- 
fusible matter  to  sensibly  reduce  the  melting  of  the  glass 
mixture. 


lOOer. 
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This  second  test  established  the  fact  that  no  help  was  to 
be  expected  from  common  glass  as  a  flux,  at  temperatures 
much  below  where  feldspar  becomes  available,  which  com- 
pletely removes  it  from  the  list  of  available  supplies  for  our 
purpose.  This  fact  is  directly  contrary  to  our  previous  com- 
parisons, and  indeed  the  idea  seems  general  among  ceramists 
that  common  glass  is  a  valuable  aid  as  a  flux,  where  feldspar 
and  Cornwall  stone  are  too  hard,  and  where  lead  is  not  de- 
sired. The  writer  is  personally  tamiliar  with  several  cases 
where  attempts  have  been  made  to  use  it  in  stoneware 
gla:2eS|  or  as  a  body  flux,  but  in  every  case  with  similarly 
disappointing  results. 

A  comparison  of  the  formulae  of  the  two  substances 
shows  us  that  there  is  no  chemical  reason  for  expecting  to 
derive  any  great  advantage  from  the  glass,  viz.: 

Feldspar EsO,  AlsOs,  6  SiOi . 

Common  glass. .  NasO,  GaO,  5  SiOs. 

and  the  results  are  therefore  reasonable,  though  contrary  to 

the  general  impression. 

IV,      Influence    of    Changes    in    Total  Acidity ^    Maintaining 

Na^O  :  CaO  ::  i  :/. 

The  query  now  arose  as  to  whether  common  glass  rep- 
resents the  most  fusible  silicate  which  can  be  made  from  the 
ingredients  of  which  it  is  composed,  viz.,  NaaO,  CaO  and 
SiOa.  Seget  has  stated  that  the  glass-maker  must  remain 
between  the  ratios  RO,  2  SiOa  and  RO,  3  SiOa,  because  the 
glass  becomes  too  fluid  below  the  former,  and  too  pasty 
above  the  latter  extreme.  To  test  this  matter,  the  following 
series  was  devised: 

TABLE  n. 


Holecalar  Oompofltlon. 

No.  of 

Oxygea  Ratio 

aiMg. 

Base  :  Aold. 

NatO 

OaO 

SlOt 

l-H 

0.5 

0.5 

2.50 

1  :5 

l-I 

0.5 

0.6 

2.00 

1  :4 

1-J 

0.5 

0.5 

1.60 

1  :8 

1-K 

0.6 

0.5 

1.00 

1  :2 

1-L 

0.5 

0.5 

0.75 

1  :L5 

1-M 

0.5 

0.5 

0.50 

1  :1 
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These  glasses    were  prepared  by  mixing  two  batches^ 

1-H  and  1-M.     1-H  consisted  of  53  parts  of  common  soda 

ash  (Na2C08),  50  parts  of  Paris  white,  150  parts  of  potter's 

flint,    all    of  which  were  ground  intimately  together  in  a 

dry  ball  mill.    No.  1-M  consisted  of  the  same  quantities  of 

soda  and  lime,  with  only  30  parts   of   flint.      From  these 

two  extremes,  the  other  four  glass  batches  were  prepared  by 

blending: 

No.  l-I  =8  parts,  1-H  and  1  part  1-M. 
No.  1-J=2  parts,  1-H  and  2  parts  l-M. 
No.  1-K=1  part,  1-H  and  3  parts  1-M. 
No.  1-L=rl  part,  1-H  and  7  parts  1-M. 

Each  batch  was  weighed,  mixed  thoroughly  by  hand, 
put  two  or  three  times  through  a  sieve,  to  prevent  lumps  of 
any  ingredient  forming,  and  finally  put  into  a  large  white- 
granite  cofiee  cup,  which  served  as  crucible  for  the  melt. 
The  cups  were  all  placed  in  an  up-draft  kiln,  and  fired  to 
cone  8.  No  covers  were  used,  so  that  the  behavior  of  the 
glasses  during  fusion  could  be  observed.  None  of  them 
swelled  up  much,  or  foamed  in  fusion;  not  one  overflowed 
its  cup. 

After  cooling  the  kiln,  the  cups  were  removed,  broken, 
the  glass  cracked  out  in  large  or  small  pieces,  and  carefully 
sorted  to  remove  all  particles  of  the  walls  of  the  cup,  which 
shivered  in  cooling  and  adhered  to  the  glass.  This  was  a 
tedious  task,  and  took  about  1^  or  2  hours  per  sample 
The  clean  glass  was  then  crushed  to  sand,  and  pulverised  in 
a  mortar,  until  it  passed  through  a  100  mesh  screen,  dry, 
when  it  was  put  into  bottles  and  labeled.  The  process  could 
have  been  somewhat  hastened  by  removing  the  cups  from 
the  kiln  hot,  and  pouring  the  fluid  glass  into  water,  and 
thus  crackling  it,  but  it  was  though  better  to  cool  slowly,  in 
order  to  procure  and  preserve  a  sample  of  each  glass  or  slag 
for  future  reference. 

The  silicates  produced  in  this  series  were  by  no  means 
uniform  in  appearance. 

No.  1-H — Common  window  glass  formula. 

This  was  a  fairly-well  fused,  light  colored  glass,  full  of 
a  multitude  of  very  minute  bubbles  which  the  glass  was  too 
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viscous  to  disengage.    Evidently,  cone  8  is  too  low  a  tern- 
peratnre  to  permit  this  glass  to  become  very  flnid  or  thin. 

No.  l-I  —  Representing  Seger's  glass  of  minimum 
acidity. 

This  was  a  clear  brilliant  glass,  almost  perfectly  free 
from  bubbles  of  enclosed  gases.  Color  same  as  before.  No 
crystals  or  segregations  were  found. 

No.  1-J — This  and  subsequent  silicates  are  below  the 
ratio  prescribed  by  Seger. 

This  silicate  was  still  a  clear,  transparent,  light  colored 
glass,  free  from  bubbles  of  enclosed  gases.  It  showed  on  its 
surface  a  number  of  large  white  crystals  of  the  Isometric 
system,  some  of  them  as  much  as  }i  of  an  inch  across,  and 
extending  down  into  the  glass  -^  from  the  upper  surface. 
The  matrix  surrounding  the  crystals  was  perfect  glass. 

No.  1-K — This  silicate  was  an  almost  opaque,  greenish 
white  slag,  of  vitreous  surface  and  fracture.  It  had  changed 
very  much  indeed  from  the  preceeding,  and  looked  as  if  it 
were  wholly  composed  of  the  same  silicate  which  composed 
the  white  crystals  found  on  the  surface  of  1-J. 

No.  1-L — This  was  a  slate  gray,  opaque,  vitreous  sili- 
cate; hard,  but  could  be  cut  with  a  good  knife.  It  gave 
evidence  of  crysralline  structure  when  examined  closely, 
but  appeared  otherwise  like  a  stone.  There  were  more  or 
less  bubbles  in  it,  but  the  mass  was  not  strongly  vesicular. 
Its  appearance  suggested  that  it  had  been  well  fused,  but 
not  that  it  had  been  notably  fluid. 

No.  1-M — This  is  a  rough,  coarsely  vesicular,  silicate, 
composed  of  various  colors — gray  and  bright  sky-blue  pre- 
dominating. It  appears  wholly  stony  at  first  sight,  but  on 
close  examination,  is  seen  to  be  a  mass  of  crystalline  matter, 
some  of  the  crystals  being  clearly  distinguished  by  the  un- 
aided eye.  It  was  not  apparently  well  fused,  and  was  the 
only  one  of  the  series  giving  evidence  of  too  little  fusion. 
The  colors  are  distributed  irregularly,  and  the  blue  is  a 
prominent  factor  in  it.  What  this  mineral  is,  cannot  be 
even  guessed,  but  it  seems  evident  that  the  amount  of  silica 
present  is  too  small  to  actively  engage  all  of  the  NaaO  and 
the  CaO,  and  hence  several  compounds,  of  quite  diverse 
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character,  have  been  formed  and  are  mingled  in  the  slag. 

Nothing  conclusive  could  be  determined  from  the  ap- 
pearance of  the  melts  as  to  their  relative  fusibility,  so  the 
following  test  was  undertaken: 

Prom  these  glasses,  after  powdering  as  described  before, 
cones  were  made  by  mixing  the  glass  dust  with  dextrine 
paste  and  molding,  as  usual,  in  steel  molds.  The  mixture 
had  neither  plasticity  nor  strength,  until  dry,  but  when  once 
dried  out  the  cones  were  tough  and  could  be  handled  with 
ease  and  safety.  Two  sets  of  these  were  placed  on  slabs  of 
clay,  as  usual  in  cone  tests,  and  put  into  a  double-deck  up- 
draft  muffle  kiln  and  fired.  The  kiln  was  provided  with  a 
Chatelier  thermocouple,  and  galvanometer,  and  temperatures 
were  carefully  noted  at  all  critical  points.  Cones  03,  05,  07 
and  09  were  also  placed  in  the  test.  The  contents  of  the 
lower  muffle,  being  nearer  the  fire,  were  first  to  fuse,  and 
when  these  cones  were  down,  those  in  the  upper  muffle  be- 
gan to  go,  so  that  two  sets  of  reading  were  obtained. 

In  the  lower  muffle  No.  1-H  and  No.  l-I  were  both 
carried  down,  and  No.  1-J  partly  down,  by  a  flame  striking 
them  for  a  few  minutes,  after  freshly  baiting  the  fire.  This 
occured  early  in  the  bum,  and  while  the  general  tempera- 
ture of  the  kiln  was  very  low,  the  pyrometer  registering 
only  560  deg.  C.  The  temperature  of  the  flame  which  car- 
ried the  cone  down  was  not  indiciated  by  the  pyrometer, 
and  is  a  matter  of  speculation  only.  After  stopping  the 
flame,  and  bringing  the  heat  up  uniformly,  no  further  change 
in  the  glass-cones  was  produced  until  Cremer  cones  09  and 
07  were  down  and  05  started.  At  this  point,  J  got  complete- 
ly down,  and  K  followed  almost  at  once. 

In  the  upper  muffle,  cone  l-I  began  to  go  first,  followed 
by  J  and  K.  All  of  these  went  down  partly,  before  Cremer 
cone  09  started,  but  the  latter  and  07  got  down  flat,  while 
the  glasses  were  still  only  bent,  Nos.  L  and  M.  were  un- 
affected in  both  muffles, 

The  test,  though  not  wholly  satisfactory,  showed  that 
glass  l-I  was  probably  the  softest,  being  distinctly  ahead  of 
No.  1-H  and  somewhat  ahead  of  No.  1-J.  The  series  show- 
ed clearly  that  there  was  no  hope  of  getting  any  softer  glass 
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by  depressing  the  acidity  below  the  oxygen  ratio  1  : 3  ;  in 
fact,  a  very  marked  increase  in  refractoriness  began  at  once, 
and  the  melts  showed  this  by  loss  of  the  glassy,  and  devel- 
opment of  the  stony,  structure. 

At  the  same  time,  when  series  III  was  projected,  it  was 
our  expectation,  based  on  the  statements  of  Seger,  that  a 
marked  reduction  of  the  total  acidity  of  the  glass  would  pro- 
duce exceedingly  fusible  glasses  or  slags.  It  was  thought 
that  with  such  a  soda  lime-silica  compound,  it  would  be  de- 
sirable to  use  some  AlaOs  in  the  fusion,  if  possible,  both  to 
prevent  devitrification  and  to  make  a  formula  in  which  the 
AlaOg  could  be  increased  from  a  minimum  up  to  0. 6  equiva- 
lents in  cone  4: 

Without  waiting  to  see  the  results  of  series  III,  and 
thus  proceed  in  logical  order,  we  attempted  to  jump  at  con- 
clusions, with  the  usual  results. 

Series  IV  was  formulated  as  follows: 

TABLE  in. 


Ko.  of 

Holeonlar  OompoBlon. 

Oxygen  Ratio 

Molecular  Ratio 

GlMB. 

NftsO 

OaO 

Al,0, 

SlOa 

Base  :  Aold. 

AliOt  :  BlOa 

1-N 

l-O 

l-P 

1-Q 

l-R 

1-S 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.00 
0.10 
0.20 
0.80 
0.40 
0.50 

0.50 
0.65 
0.80 
0.95 
1.10 
1.25 

1  :oo 
1  :6.5 
1  :  4.0 
1  :  8.1 
1  :  2.75 
1  :  2.50 

These  mixtures  were  produced  as  in  the  preceding 
case,  by  blending  between  extremes. 

No.  1-N — Was  composed  of  53  parts  soda  ash,  50  parts 
whiting  and  30  parts  of  flint.  No.  1-S  was  composed  of  the 
same  quantities  of  soda  and  lime,  129.5  kaolin  and  15  of 
flint.  The  intermediate  blends  were  made  in  the  proportion 
4  : 1,  3  :  2,  2  :  3,  and  1  :  4  respectively. 

On  melting  at  cone  8  as  before,  and  cooling  slowly,  the 
melts  presented  the  following  appearance: 

1-N — Same  as  1  M  of  series  III. 

1-0 — A  mark  grayish  slag,  with  small  sky-blue  patches, 
same  color  as  those  in  M,  distributed  irregularly  through  it; 
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texture  is  stony,  and  somewhat  vesicular.    No  hint  of  gla  s. 
iness  about  the  specimen. 

1-P — A  magnificent  emerald-green  glass,  free  from  in- 
closed gas  bubbles.  Surface  is  a  scummy,  and  a  few  little 
segregations  of  pearly  white  matter  lying  on  the  bottom  of 
the  melt. 

1-Q — A  mixture,  of  green  glass  like  O,  with  large 
amounts  of  pearly  white,  opal-like  segregations,  The  mass 
of  the  two  materials  is  about  equal.  The  opal-like  substance 
may  be  simply  undissolved  kaolin,  or  alumina  which  has 
given  its  silica  up  to  the  stronger  bases,  soda  and  lime,  or  it 
may  be  some  other  material,  segregated  from  a  homogeneous 
magma  in  cooling.  The  individual  particles  of  it  were  half 
as  large  as  peas,  surrounded  with  the  matrix  of  green  glass. 

1-R — Stony,  vesicular  slag  with  no  trace  of  glassiness. 

1-S— Ditto. 

This  series  was  like-wise  tested  in  cone  form  in  the  kiln, 
in  order  to  see  whether  any  or  all  of  its  members  were  fusi: 
ble  at  low  temperatures.  The  test  showed  that  up  to  tem- 
peratures of  cone  02,  not  one  of  the  slag-cones  had  showed 
any  signs  of  fusion,  while  other  glasses,  more  silicions  and 
less  aluminous  were  melting  freely  around  them. 

This  series  does  not  prove  anything  directly  of  service 
to  this  investigation,  so  far  as  the  influence  of  alumina  on 
the  fusiblity  is  concerned,  because  neither  1-M  nor  1-N  were 
melted,  and  hence  the  aluminous  and  non-aluminous  glasses 
of  oxygen  ratio  1  :  1  stands  in  the  same  position.  It  does 
show,  however,  that  the  addition  of  AI3O3  does  not  increase 
the  fusibility  of  the  melts  materially,  at  least  in  compounds 
already  so  basic. 

Nevertheless,  a  well  known  principle  is  beautifully  illus- 
trated in  the  consequence;  i.  ^.,  the  power  of  alumina  to  pre- 
vent devitrification. 

Melt  N,  markedly  crystalline  even  to  the  naked  eye, 
and  stony  in  fracture,  becomes  crypto-crystalline  in  O,  a  per- 
fect glass  in  P,  a  glass  full  of  suspended  insoluble  matter  in 
Q,  and  a  stony  mass  again  in  R  and  S.  The  amount  of  A^Os 
in  the  last  two  numbers  of  the  series  was  evidently  as  much 
too  great,  as  it  was  too  little  in  N  and  O. 
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On  the  completion  of  series  III,  it  became  evident  that 
it  was  necessary  to  learn  more  in  detail  the  absolute  point 
of  greatest  fusibility  between  glasses  1-H  and  1-J.  Also  it 
seemed  desirable  to  check  the  results  of  series  III  by  a  con- 
firmatory series.  Accordingly  series  V  was  designed  as 
follows: 

TABLE  IV. 


No.  of 

Holeonlar  Oomposltlon 

Oxygen  Ratio 

GlAM 

Na«0 

CaO 

810. 

Base  :  Acstd 

1-T 

1-U 

l-V 

1-W 

1-X 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

2.50 
2.25 
2.(i0 
1.75 
1.50 

1  :5.0 
1  :4.5 
1  :  4.0 
1  :  3.5 
1  :3.0 

These  were  made  up  as  before,  and  blended  and  melted  by  a 
different  person,  so  that  no  personal  errors  would  be  likely 
to  be  duplicated.     The  temperature  went  to  cone  8  as  before. 

The  glasses  were  in  all  respects  like  those  of  identical 
constitution  in  series  III.  No.  1-X  which  was  a  duplicate 
of  No.  1-J,  even  had  the  same  white  isometric  crystals  on  its 
surface,  showing  that  this  was  no  freak,  but  a  strong  and  con- 
sistent tendency  in  a  silicate  mass  of  this  constitution,  to 
split  up  into  definite  molecular  compounds,  one  of  which 
happened  to  be  opaque,  and  thus  visible. 

On  pulverizing  and  fashioning  into  cones,  and  testing 
in  the  kiln,  the  following  interesting  results  were  obtained: 

TABLE  Va 


No.  of 
Glass 

Oomposltlon 

Time  of  Fusion 

Temp.  Deg.  0 

Remarks 

l-V 

2-C 

1-U 

1-W 

RO,  2.00  SiOj 

RO,  2.00  SiOj 
RO,  2.26  SiOj 

RO,1.75SiO» 

RO,1.50  8iO8 
RO,2.50SiOs 

5:50  P.  M. 

8:25  P.  M. 
8:55  P.  M. 

925 

1076 
1125 

•  ••••• 

1125 
1160 

f  Undoatedly 
\     flashed 
Fusion  normal 

(Tipped  over 
'  before  Aision 

1-X 
1-T 

8:55  P.  M. 
9:06  Pa  M. 

( took  place 

These  results  clearly  proved  that  the  RO,  2  SiOa  glass 
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is  distinctly  softer  than  those  above  it,  or  well  below  it,  but 
owing  to  the  incidental  loss  of  1-W,  did  not  show  that  the  de- 
sired minimum  did  not  lie  somewhere  between  RO,  2  SiOa 
and  RO,  1.75  SiOj. 

Accordingly  the  series  was  again  made  up  and  fired, 
with  the  following  results : 

TABLE  VL 


No.  of  Glass. 

Composition. 

Time  of  Fusion. 

Temp,  of  Faslon, 

1-V 

1-W 

1-X 

1  u 

1-T 

BO,  2.00  SiOi 
BO,  1.76SiOs 
BO,  1.60  SiOj 
BO,  2.26  BlOs 
BO,  2.60  SiOi 

6.11  P.  M. 
6.11  P.  M . 
6.16  P.  M. 
6.19  P.  M. 
6.26  P.  M. 

1169  deg:. 

1169  " 

1170  " 
1192    ** 
1210    " 

The  temperatures  recorded  were  much  higher  in  this  burn 
than  in  the  last,  but  in  neither  case,  were  they  corrected  for 
atmospheric  temperatures  outside  the  kiln,  and  hence  must 
not  be  considered  as  having  a  close  comparative  value. 
They  were  only  used  to  indicate  the  relative  temperature 
intervals  between  fusions,  and  not  the  absolute  melting 
points.  The  scanty  time  and  temperature  intervals  in  this 
test,  probably  resulted  from  injudicious  firing  at  this  point> 
as  the  rise  in  temperature  was  very  rapid. 

These  two  burns  showed  that  RO,  2  Si02  is  at  least  as 
soft  as  any  glass  of  same  RO,  either  more  or  less  acid,  and 
with  some  presumptive  evidence  in  favor  of  its  being  the 
point  of  actual  minimum. 

This  fact  alone  is  of  great  interest  and  value,  and  is  di- 
rectly at  variance  with  the  ideas  which  have  been  generally 
held  on  this  point.  In  metallurgy  for  instance,  we  have 
been  taught  for  many  years  past  that  most  slags  find  their 
most  fusible  ratios  between  the  meta-  and  ortho-silicates,  or 
between  oxygen  ratios  of  1  :  2  and  1  : 1.  And  in  ceramics, 
Seger  has  announced  that  RO,  2  Si02  is  the  lower  extreme 
of  glass  composition,  because  ratios  lower  than  that  produce 
glasses  too  liquid  and  too  little  viscous  to  work  well  in  glass 
blowing. 

But  here  we  have  a  glass,  whose  melting  point  is  lower 
at  an  oxygen  ratio  of  1  :  4,  than  at  1  :  3  or  1  :  2  or  1  :  1 
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Seger's  statement  must  have  been  based  on  the  fact  that  a 
softer  glass  was  obtained  by  each  successive  diminution  of 
acid  down  to  this  point,  and  without  pushing  his  tests  fur- 
ther to  see  that  he  was  then  at  the  point  of  maximum  fusi- 
bility. 

Variations  in  Lime»Soda  Ratio, 

Having  established  the  degree  of  acidity  at  which  this 
RO  combination  (0.5  Na20  0.5  CaO),  is  most  fusible,  and 
having  found  it  so  little  suitable  to  the  needs  of  the 
situation,  the  next  line  of  attack  was  through  the  var- 
iation of  the  RO  elements.  It  was  known  in  a  gen- 
eral way  that  the  silicates  of  soda  alone  were  much 
more  fusible  than  those  of  lime.  The  point  to  determine, 
then,  was,  was  whether  increase  of  Na^O  and  decrease  of 
CaO  in  this  RO,  2  SiOa  ,would  materially  depress  its  melt- 
ing point.  To  develop  this  information  the  following  series 
No.  VI  was  made : 

TABLE  Vn. 


No.  of 

Molecular  OompositloB. 

Appearance  after  fnalon  at  cone  10. 

• 

Olaw. 

Na»0 

OaO 

BiO. 

1-Y 

1-Z 
2-A 
2-B 
2-C 

2-D 

2-E 

1.00 

0.86 
0.70 
0.00 
0.60 

0.26 

0.00 

0.00 

0.16 
080 
0.40 
0.60 

0.76 

1.00 

2.00 

2.00 
2.00 
2.00 
2.00 

2.00 

2.00 

Clear,   greenish-yellow,    can  be 

out  with  knife, 
Clear.bluish  color-harder  than  Y 
Clear,  bluish  glass,  full  hardness. 
Clear,  bluish  glass. 
Lighter  color,  more  gas  bubbles 

in  it. 
Semi-translucent,  bluish    white 

glass. 
Porous,  white    solid;     vitrified 

only  on  exterior  parts,  where 

heat  was  highest. 

There  was  a  very  marked  di£ference  in  time  of  fusion 
of  the  members  of  this  series.  The  high-soda  glasses  melt- 
ed very  early  and  quietly,  while  the  high  lime  end  eith  er 
did  not  melt  at  all,  or  melted  slowly.  Obviously,  no  help 
can  come  from  2-C,  2-D,  or  2-E.  In  view  of  the  fact  that 
the  increase  of  the  alkali  in  the  glass  is  at  the  expense  of 
its  stability  before  the  attacks  of  water  and  other  solvents, 
it  seemed  clear  that  a  limit  in  this  case  would  be  found  from 
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this  cause,  if  no  other.  It  was  argued  that  if  a  glass  cannot 
resist  the  attacks  of  water,  how  can  we  expect  it  to  resist  the 
solvent  and  distructive  action  of  acid  dew  in  water-smoking 
kilns,  or  of  SOs,  at  temperatures  between  300  and  900  deg.  C. 

To  determine  this  matter  of  solubility  with  sufficient 
exactitude  for  the  scope  of  this  enquiry,  one  gram  of  each 
glass,  previously  powdered  and  put  through  a  100  mesh 
screen,  was  treated  with  50  c.cs  of  distilled  water,  on  a 
water  bath  for  10  hours  with  frequent  stirring.  Finally  the 
liquids  were  filtered,  and  the  filters  washed  with  hot  water 
in  equal  amount.  The  clear  solutions  were  then  evaporated 
to  dryness  in  tared  vessels,  and  the  weights  of  solid 
residue  determined. 

The  figures  are  as  follows: 

TABLE  Vm. 


No.  of 

Molecalar  Formala. 

Per  cent  dltsolTSd  In  hot  water. 

Glaaa. 

1-Y 

1.00  NaiO,  0.00  CaO  2  SiOs 

100.00 

1-Z 

0.85  NasO,  0.16  CaO  2  SiOi 

24.66 

2-A 

0.70  NatO,  0.80  CaO  2SiOs 

9.88 

2-B 

0.60  NasO,  0.40  CaO  2  SiOs 

4.48 

2-C 

0.60  NasO,  0.60  CaO  2  8iOi 

4.21 

2-D 

0.76  NasO,  0.26  CaO  2  SiOs 

4.16 

2-E 

0.00  NasO,  1.00  CaO  2  SiOs 

not  determined. 

These  figures  clearly  show  that  No.  2-B  represents  the 
maximum  soda  content  which  such  a  glass  may  have,  with- 
out material  sacrifice  of  its  permanence  and  stability  under 
the  attack  of  solvents.  This  point  has  no  definite  connect- 
ion with  the  behavior  of  the  glasses  at  high  temperatures 
and  in  acid  gases,  which  is  the  conditions  they  must  meet 
in  kiln  firing,  but  it  constitutes  a  basis  for  distrust  of  the 
high-soda  glasses,  at  least. 

To  ascertain  their  bearing  under  kiln  conditions  the 
ground  glasses  were  made  up  into  cones  as  before,  and  fired 
with  the  following  results: 
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TABLE  IX. 

Liower  Maffle. 

Upper  Maffle. 

No.  of 

Bemarlrm, 

Olais. 

Time  of 

Temp,  of 

Time  of 

Fasloii.~P.  M. 

Fuslon-Deg. 

Fuilon.—P.  M. 

1-Y 

5.16 

866 

Betw'n  6  A  7 

1-Z 

Fell  over  be- 
fore fusing 

•  •  •  • 

7;65 

2-A 

6.60 

925 

8:25 

Ckine  010  melted 

2-B 

7.46 

1040 

9:06 

at  9.80  P.  M.  in 

2-C 

8.26 

1076 

9:20 

apper  maffle. 

2-D 

9.36 

1260 

did  not  f ose. 

The  soda  glass,  1-Y,  showed  its  marked  fusibility  over 
any  of  the  others  in  both  upper  and  lower  muffles,  but  the 
readings  gotten  from  it  were  very'difficult  to  interpret,  as 
it  did  not  fuse  regularly,  but  simply  softened  and  swelled 
until  finally  it  was  a  spongy  fluid.  The  time  periods  re- 
corded represent  the  best  judgement  that  could  be  formed 
under  the  circumstances.  In  as  much  as  it  is  one  of  the 
faults  of  the  Cremer  frit,  that  it  swells  and  appears  to  give 
off  gases  in  fusion,  and  that  it  is  to  avoid  this  fault,  in  part* 
that  these  experiments  have  been  made,  it  is  evident  that 
glass  1-Y  and  probably  1-Z  must  be  ruled  out  for  this  reason 
if  no  other.  But  the  solubility  table  shows  both  should  be 
ruled  out  on  those  grounds  also,  and  that  2-A  is  the  highest 
soda  glass  worth  further  study. 

To  get  a  check  on  the  results  just  given,  as  well  as  to 
establish  the  connection  between  the  melting  points  of  series 
V  and  VI,  another  burn  was  made,  in  which  two  cones  each 
of  No.  2-A,  B,  C  and  No.  1-T-U-V-W-X  were  placed  in  one 
slab.    The  results  are  appended: 

TABLE  X. 


No.  of 
GlaBB 

Molecalar  Comp^ltlon 

AverVe  Time 

of  Fusion 

P.M. 

AverVe  Tern. 

of  Ftuloii 

degO 

2-A 

0.70  NasO 

0.30  CaO 

2.00  SiOs 

4:36 

980 

2-B 

0.60  NasO 

0.40  CaO 

2.00  SiOs 

6:30 

1063 

2-C 

0.50  NaaO 

0.50  CaO 

2.00  SiOs 

6:13 

1169 

1-V 

0.60  NasO 

0.50  CaO 

2.00  SiOs 

6:11 

1169 

1-W 

0.50  NasO 

0.50  CaO 

1.75  SiOs 

6:11 

1169 

1-X 

0.50  NasO 

0.50  CaO 

1.50  SiOs 

6:16 

1170 

1-U 

0.50  NasO 

0.50  CaO 

2.25  SiOs 

6:19 

1192 

1-T 

0.50  NasO 

0.50  CaO 

2.50  SiOs 

6:25 

1210 

1 
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Cone  010  was  also  placed  on  this  slab,  and  fused  at  6.13 
P.  M.,  at  1065  deg.  C.  or  about  100  degrees  above  its  sched- 
ule temperature.  This  reading  is  not  corrected,  and  hence 
has  a  relative  value  only;  but  it  shows  by  increase  of  alkali 
and  decrease  of  lime,  it  is  quite  possible  to  make  a  soda-lime 
glass  more  fusible  than  cone  010. 

The  net  results  of  this  enquiry  now  stand: 

1st.  Using  one-half  molecule  each  soda  and  lime,  2.00 
molecules  of  Si02  makes  the  most  fusible  glass  producible. 

2nd     Diminishing  the  lime,  and  increasing  the  soda  to 

'dl  S^  \  «-oo  sio. 

the  melting  point  falls  from  1 169  degrees  to  980  in  one  test 
and  from  1075  to  925  degrees  in  another,  or  a  net  gain  of 
over  150  degrees  C. 

But  owing  to  doubts  about  the  stability  of  a  glass  so 
high  in  alkali,  it  was  deemed  wiser  to  use  2-B. 

0.60  NajO  1  o  nn  flin 
0.40  CaO    |2.00  8iO« 

as  the  basis  for  further  tests. 

This  glass  had  melted  in  the  last  burn,  practically  with 
cone  010 — inthe  lower  muffle  a  little  before,  and  in  the  up- 
per muffle,  a  little  after.  Now,  to  use  such  a  glass  as  the 
basis  of  cone  010  would  be  impossible,  as  large  dilution  of 
the  basal  frit  is  necessary  in  cone  making  in  order  to  bring 
about  gentle  and  uniform  fusion.  At  the  ver}'  least,  a  glass 
should  melt  at  200  deg.  C  below  cone  010,  in  order  to  permit 
of  sufficient  dilution  to  make  that  cone  work  well. 

Hence,  it  will  be  seen  that  glass  No.  2-B  was  far  from 
filling  our  needs  in  point  of  fusibility.  At  the  same  time, 
it  must  be  noted  that  we  had  brought  the  melting  point 
down  from  cone  02-03  to  cone  010-09,  by  the  tests  so  far 
prosecuted. 

VI  The  most  favorable  ratio  of  Alkahes  K^O  :  Na^O, 
It  was  now  evident  that  no  compound  of  soda,  lime  and 
silica  could  be  produced  of  the  necessary  fusibility,  without 
sacrificing  other  qualities.  The  question  then  arose  as  to 
the  effect  of  substitutions  from  the  list  of  availables  given 
before. 

It  was  first  determined  to  try  the  effect  of  substitution 
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of  potash  for  soda  and  then,  the  use  of  the  two  alkalies  joint- 
ly. Accordingly  the  following  series  VII  glasses  were  made 
up. 

TABLE  XL 


No.  of  OlAM. 

Moleouhur  Oompotltlon. 

2-T 

2-U 

2-F 

0.6  KtO 

0.6  NasO 

0.8  KtO  0.8  NasO 

0.4  CaO 
0,4  CaO 
0.4  CaO 

2.00  SiQi 
2.00  SiQi 
2.00  SiOt 

These  were  made  up  from  potassium  carbonate  (c.  p.), 
soda  ash  (commercial)  whiting,  flint;  were  fused  in  cups  to 
cone  8»  and  were  then  broken,  sorted,  crushed,  put  through  100 
mesh  sieve,  and  made  into  cones  as  before.  These  were 
tested  along  with  others,  but  for  the  sake  of  clearness 
the  results  are  treated  separately: 

TABLE  XII. 


Compotltloii. 

FuBlon  Data. 

No.  of 

GlMl. 

Lower  Muffle. 

Upper  Muffle. 

Time. 
P.  M. 

Temp. 
Deg  C. 

Time— P.  M. 

2-U 
2-U 
1-F 

Potash-Lime  glass 
Soda-Lime  glass 
Potash-Soda-Lime  glass 

7:00 
6:50 
6:86 

946 
926 
890 

7:22 
7:26 
7:10 

Cone  010  fused  at  6:66  p.  m.  in  the  upper  muffle. 

It  will  be  noted  that  longer  time,  or  heat  soaking, 
has  caused  the  potash  and  soda  mixtures  to  change  places  in 
the  order  of  fusibility,  while  the  potash-soda  cone  melts  dis- 
tinctly lower  in  each  case,  than  that  of  either  alkali  alone. 

The  point  seems  clear  that  the  mixture  of  two  alkalies 
is  better  than  either  alone.  This  point  is  well  known  in 
other  connections,  viz.,  in  fluxing  in  platinum  crucible  in 
the  chemical  laboratory,  and  in  making  slags  in  furnaces 
and  in  substituting  other  bases  for  lead  oxide  in  glazes,  etc., 
etc.  But  so  many  contradictions  had  been  met  so  far  since 
undertaking  this  work,  that  it  was  thought  best  to  take 
nothing  for  granted,  and  to  prove  each  point  as  we  came  to  it 
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The  redaction  in  fusing  temperature  from  all  preceding 
causes  was  too  little,  however,  to  materially  a£fect  the 
problem.  Hence,  a  new  series.  No,  VIII,  was  perfected 
as  follows: 

TABLE  Xni. 


No  of 

Molecalar  Oompositlon. 

Olau. 

KaO 

NaaO 

RO 

SlOa 

Mixture. 

2-F 
2-G 
2-H 
2-1 

0.3 
0.8 
0.8 
0.8 

0.8 
0.3 
0.8 
0.8 

0.4  CaO 
0.4  MrO 
0.4  BaO 
0.4  ZnO 

2.00 
2.00 
2.00 
2.00 

The  KtCOs,  NasCOs  andSiOi  were 
ground  together  in  dry  ball  mill, 
and  then  to  eqniv.  parts  of  this 
mixture,  the  respective  oxides, 
or  carbonates  were  added. 

The  glasses  resulting  from  this  fusion  were  all  of  ex- 
cellent quality.  The  calcium  glass  was  the  least  brilliant 
of  the  lot,  and  the  zinc  and  barium  glasses  were  of  espec- 
ially high  refractive  index  and  therefore  brilliant  to  the  eye. 
In  fusion,  the  barium  glass  fused  first,  and  the  calcium 
glass  last,  but  this  could  not  be  accepted  as  evidence  of  the 
fusibility  of  the  glasses  when  once  formed,  though  of  course 
it  gives  us  a  basis  for  expectation. 

On  putting  these  through  the  usual  procedure  of  grind- 
ing, fusion,  sorting,  regrinding,  cone  molding  and  firing,  the 
following  figures  were  gotten: 

TABLE  XIV. 


Composition. 

Fusion  Data. 

No  of 
Glass. 

Lower  Muffle. 

Upper  Muffle. 

Time. 
P.  M. 

Temp. 
Deg.  O. 

Time— P.  M. 

2.F 
2-G 
2-U 
2-1 

Lime-Glass 
Magnesia-Glass. 
Barium-Glass 
Zinc-Glass 

6:86 
4:42 
6:29 
4:42 

890 
765 

880 

766 

7:10 
6:30 
7:16 
6:12 

These  figures  alone  fail  to  accurately  represent  the  facts, 
because  the  fusion  of  a  glass  is  often  a.  slow  process,  and  a 
cone  may  begin  to  soften  and  bend  a  long  time  before  it 
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actually  fuses,  and  uncertainly  arises  as  to  which  may  be 
fairly  considered  having  fused. 

For  instance,  in  the  above  case,  the  Barium  glass  2-H, 
softened  at  2:55  p.  m.,  and  bent  to  a  perfect  semi-circle, 
apex  touching  the  level  of  the  base.  This  was  done  during 
a  sudden  flash  of  flame,  and  while  the  average  temperature 
of  the  muffle  was  below  600  deg.  C.  However,  the  other 
cones  had  the  same  exposure  as  the  Barium  glass  and  did  not 
show  any  signs  of  fusion,  while  both  of  the  Barium  cones,  one 
in  the  front  row  nearest  the  flame,  and  the  other  in  the  rear 
row,  farthest  from  the  flame,  went  down  as  described  with  only 
one  minute's  interval.  Having  gone  down  in  this  decided  man- 
ner, and  clearly  given  notice  of  some  sort  of  molecular  change, 
they  stood  in  the  arched  form  without  further  softening, 
until  6:29  p.  m.  when  they  collapsed.  During  this  time  the 
magnesium  glass  softened  at  3:19  p.  m.,  and  fused  at  4:42 
p.  m.;  and  the  zinc  glass  softened  at  4:15  p.  m.,  and  fused  at 
4:42  p.  m.  The  calcium  glass  did  no  begin  to  fuse  till  6:34 
p.  m.,  and  was  down  flat  at  6:36  p.  m. 

This  evidence  is  undoubtedly  somewhat  confusing.  The 
only  thing  which  is  beyond  doubt  is  that  the  glass 

0.3  KsO    ) 

0.3NasO  V2SiOi 
0.4  CaO     ) 

is  the  least  fusible  of  any  of  the  four  under  test.  The  Bar- 
ium may  be  considered  as  being  the  softest  or  next  to  the 
hardest,  according  as  the  first  softening  or  final  fusion  is  con- 
sidered the  more  important, 

In  the  upper  muffle,  the  evidence  was  less  doubtful. 
The  zinc  cone  was  here  distinctly  first  down,  followed  by 
the  magnesia  cone,  then  Barium  and  lime  respectively. 

The  situation  was  now  improved  to  the  extent  that 
three  bases  had  been  tested,  and  all  made  glasses  notably 
softer  than  lime  glasses  of  the  same  proportions.  Of  these, 
the  zinc  and  magnesia  glass  were  beyond  all  question  much 
softer  than  cone  010,  and  the  Barium  glass  either  much 
softer  or  about  as  soft  as  cone  010. 

Without  waiting  to  carry  the  further  comparison  of  these 
glasses  to  its  final  conclusion,  it  was  thought  best  to  push  on 
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and  see  if  any  further  notable  reductions  in  temperature  of 
fusion  could  be  gotten  by  making  still  more  complex  glasses, 
using  two  or  more  of  the  bases  together.  It  was  thought 
that  even  after  sufficiently  fusible  glasses  were  found,  that 
there  were  other  problems  to  be  considered  in  adopting  one 
for  final  use  as  the  base  of  a  cone  series,  and  therefore  it 
would  pay  to  run  over  the  ground  tentatively  and  find  what 
general  combinations  gave  the  greatest  promise  of  develop- 
ing the  required  combination  of  properties. 

Accordingly  series  IX  was  formulated  as  follows: 

TABLE  XV. 


Moleoalar  Oompodtlon. 

Ho.  of 

Olaas 

e:«o 

NftsO 

OttO 

MgO 

BaO 

ZnO 

BIO, 

2-J 

0.8 

0.8 

0.2 

0.2 

• .  • . 

. .  ■  ■ 

2.00 

2-K 

0.8 

0.8 

0.2 

•  •  •  • 

0.2 

.... 

2.00 

2-L 

0.8 

0.8 

a2 

•   •  •   • 

.... 

0.2 

2.00 

2-M 

0.8 

0.8 

•  •  •  • 

0.2 

0.2 

.... 

2.00 

2-N 

0.8 

0.8 

«... 

0.2 

.... 

0.2 

2.00 

2-0 

0.8 

0.8 

.  • . . 

< . . . 

02 

0.2 

2.00 

In  this  series,  the  K^O,  Na^O  and  Si02  were  weighed  out 
and  ground  intimately  together  as  one  batch,  and  then  divid- 
ed into  small  portions,  into  the  which  proper  quantities  of 
the  two  remaining  oxides  were  then  added  and  ground  in. 

The  melts  resulting  were  all  clear  brilliant,  handsome 
glasses,  any  of  which  seemed  perfectly  suited  to  the  usual 
uses.  Those  in  which  barium  and  zinc  were  used  were 
brighter  than  the  others,  perhaps.  The  first  attempt  to 
make  this  series  was  a  failure,  on  account  of  two  defects. 
First,  the  glasses  foamed  and  boiled  over  in  fusion,  so  that 
but  little  of  some  of  the  melts  remained.  Second,  the  wind 
being  high,  considerable  quantity  of  iron  rust  was  disen- 
gaged from  the  stack,  and  got  down  into  the  kiln,  and  into 
the  glass  crucibles.  Accordingly,  the  entire  series  was  pre- 
pared again,  and  melted,  this  time  successfully. 

It  was  noted  in  watching  the  glasses  fusing,  that  2-M 
was  considerably  in  advance  of  any  other  in  fusing.  It  was 
the  first  to  begin  to  raise  from  the  expulsion  of  gases,  and 
the  first  to  settle  back  and  begin  to  clarify.     This  seemed 

ai  Cer. 
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significant  to  us,  and  led  ns  to  expect  an  equally  marked  fus- 
ibility when  the  glass  was  tested  in  cone  form. 

The  glasses  were  then  pulverized,  and  made  into  cones 
as  before,  and  tested  with  the  results  set  forth  in  the  suc- 
ceeding table: 

TABLE  XVI. 


No.  of 

Va-l 

B  laments 

Lower  Mnflle 

Upper 
Mnflle 

Olaaa 

Time  of 

Fusion 

p.  m« 

Temp,  of 

Fnslon 

deg. 

Time  of 

Fnslon 

p.  m. 

2-J 
2.K 

2-L 
2-M 

2-N 
2-0 

CaO,  MgO 
CaO,  BaO 

CaO,  ZnO 
MgO,  BaO 

MgO,  ZnO 
BaO,  ZnO 

6:85 
6:66 

6:45 
6:20 

6:85 
4:46 

756 

800 

780 
706 

766 
676 

« 
« 

6:38 
6:89 

6:38 
6:28 

r  Undoubtedly  less 
•!    fusible    than    the 
i  other  glasses 
Began  latest  to  fuse 
Bloated  in  both  cases 
{  Fused  weU,  did  not 
\   swell 

{  Fused  well  and  reg- 
\   ularly 

Cone  010,  Cremer  Series,  fused  at  7:22  p.  m.,  at  946^. 

Only  one  feature  is  salient  in  the  preceding  table  and 
that  is:  None  of  the  glasses  containing  calcium  fuse  as  read- 
ily as  those  in  which  it  is  absent.  This  agrees  with  the 
finding  of  Series  VIII,  in  which  calcium  formed  the  least 
fusible  glass.  In  this  last  series,  the  calcium  seems  to  handi- 
cap the  mixture  in  which  it  occurs,  very  markedly,  even 
when  linked  with  barium  which  is  supposed  to  have  such 
strong  fluxing  powers. 

The  rest  of  the  series  are  difficult  to  fairly  evaluate.  The 
barium-zinc  glass  seemed  to  fuse  first  in  both  muffles;  but  it 
was  not  earlier  to  start  than  the  barium-magnesia  glass. 
It  finished  earlier,  because  the  latter  swelled  and  bloated  be- 
fore fusion  was  complete,  and  thus  obscured  its  end-reaction. 

The  series  also  seemed  to  show  that  a  distinct  reduction 
in  fusion  point  could  be  produced  by  using  0.2  equivalents 
of  two  fluxes,  rather  than  0.4  of  any  one.  This  is  in  accord 
with  the  general  prevailing  idea,  and  with  what  was  specific- 
ally proven  in  regard  to  K  and  Na. 

Another  significant  feature  of  this  bum  was  the  fact  that 
the  cones  in  the  upper  muffle  had  far  less  time  interval  than 

*  *  S-J  and  S-K  did  not  fate  In  npper  mollle. 
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the  same  cones  below.  The  lower  cones  were  fnsed  after  a 
shorter,  sharper  fire;  the  upper  cones  had  a  longer  exposure 
to  sulphuric  kiln  gases,  and  this  seemed  to  have  had  an  ef- 
fect in  diminishing  the  natural  difference  between  them. 

To  still  further  probe  the  matter  of  the  effect  of  mixture 
of  RO  elements,  another  series,  No.  X,  was  prepared  as 
follows: 

TABLE  XVII. 


No.  of 

Moleoalar  Oomposltloii 

Glass 

Na.0 

K.O 

OaO 

MgO 

BaO 

ZnO 

BIO. 

2-P 
2-Q 
2-B 
2-S 

0.8 
0.8 
0.8 
0.8 

0.8 
0.8 
0.8 
0.8 

0.18 
0.18 

.... 
0.10 

0.18 
0.18 
0.18 
0.10 

0.18 

.... 
0.18 
0.10 

. . .  • 
0.18 
0.18 
0.10 

2.00 
2.00 
2.00 
2.00 

On  fusion,  these  produced  handsome  brilliant  glasses  of 
high  refractive  index.  Especially  noteworthy  was  2.R, 
which  had  a  delicate  bluish  cast  and  a  beautiful,  limpid,  yet 
brilliant  appearance.  On  making  into  cones  and  testing, 
they  showed  as  follows: 


TABLE  XVin. 


No.  of 

Fusion  Began 

Fusion  Completed 

Glass 

Time 
p.  m. 

Temp, 
deg.  0. 

Time 
p.  m. 

Temp, 
deg. 

Remarks 

2-P 
2-Q 
2-B 
2-S 

4:14 
4:14 
4:14 
4:08 

726 
725 
725 

700 

4:21 
4:87 
4:80 
4:26 

786 
795 
775 
755 

Avery  satlBfactory  test. 
No  Bwelling  or  failme 
to  bend  properly. 

Ck>ne 
010 

5:10 

880 

5:16 

910 

These  results  seem  perfectly  decided,  and  unimpeacha- 
ble,  whatever  we  may  think  of  their  rationality. 

In  order,  now,  to  correlate  the  last  three  series,  it  was 
decided  to  select  the  three  softest  glasses  from  each  series 
and  melt  them  all  at  once  on  one  slab.  This  was  done  with 
the  following  results: 
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TABLE  XIX. 


Varlftble 
Blement 

Fusion  Data 

No  of 

Fiu*nBeRaii 

Fna^n  Bnded. 

Remarks 

VrMWS 

Time 
p.  m. 

Temp, 
deg. 

Time 
p.  m. 

Temp, 
deg. 

2-G 
2-1 
2-M 
2-N 

2-0 
2-P 
2-Q 
2-B 

2-8 

MgO 

ZnO 

MgO,  BaO 

MgO,  ZnO 

BaO.    ZnO 

OaO,  MgO,  BaO 

GaO,  MgO,  ZnO 

MffO,  BaO,  ZnO 

1  CaO,  MgO,     > 

iBaOZnO       / 

6:22 
6:22 
6:14 
6:40 
6:14 
6:14 
6:48 
6:48 

6:48 

670 
670 
650 
700 
660 
666 
706 
705 

706 

6:60 
6:00 
6:40 

•  •  •  • 

6:22 
6:40 
6:00 
6:60 

6:60 

720 
766 
700 

•  •  •  • 

•  •  •  • 

700 
766 
720 

720 

Swelled. 
Did  not  swelL 
Swelled  badly. 
Swelled. 
Swelled. 

Swelled  little. 
Swelled. 

Swelled. 

No.  010 

Cremer  Cone. 

6:26 

806 

6:80 

926 

This  series  of  results  was  exceedingly  unsatisfactory 
and  was  probably  due,  at  least  in  part,  to  an  experiment. 
It  had  been  noticed  in  all  the  cones  composing  Series  VIII, 
IX  and  X,  that  is,  those  in  which  MgO,  BaO,  and  ZnO  partly 
ox  wholly  replaced  CaO,  that  a  tendency  was  evinced  to 
swell  up  in  fusing,  and  instead  of  proceeding  at  once  to 
clean-cut  fusion,  to  form  a  puffy  mass  in  which  no  definite 
end  reaction  could  be  gotten. 

Vll/y  Efforts  to  Locate  Cause  of  Bloating. 

This  swelling  must  of  course  be  ascribed  to  the  libera- 
tion of  some  gas  in  the  process  of  fusion.  What  gas  it  can 
be  is  a  question  more  easily  asked  than  answered.  The  first 
thought  was  sulphur,  that  *'bete  noir"  of  all  ceramic  opera- 
tions. But,  as  the  glasses  were  perfectly  clear  after  fusion, 
and  showed  no  sign  of  crystalline  segregations,  such  as  sul- 
phates often  cause,  it  was  thought  that  they  must  have  ab- 
sorbed it  during  the  cone  burn,  rather  than  while  the  glass 
itself  was  being  fused  in  the  beginning.  This  idea  was 
strongly  supported  by  the  fact  that  where  cones  were  fired  in 
both  the  lower  and  upper  muffles,  the  latter  always  showed 
less  time  interval  between  the  glasses  than  below.  This 
would  be  the  case  if  they  had  been  sulphured  a  little,  as  the 
infusible  crust  forming  on  the  out  side,  would  cause  the  cone 
to  stand  with  but  little  progress  until  finally  the  shell  wonld 
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fuse  and  let  the  fluid  contents  very  rapidly  assume  a  level 
state.  This  reaction  was  repeatedly  witnessed,  and  yet  was 
markedly  absent  in  some  of  the  cones. 

Acting  on  the  hypothesis  of  absorption  of  SOs  from  the 
kiln  gases,  it  was  thought  that  if  the  cones  could  be  intro- 
duced into  the  kiln  after  the  latter  had  reached  650^C,  or 
visible  red  heat,  that  the  long  delay  in  getting  started  would 
be  avoided,  and  the  glasses  would  fuse  before  they  had  an 
opportunity  to  absorb  much  sulphur.  Accordingly  the  kiln 
was  heated  up  to  redness,  and  the  cone  slab  was  introduced, 
well  dried  and  heated  to  150^C  on  a  hot  iron  plate.  This 
was  neatly  done  and  the  pyrometer  showed  the  presence  of 
the  comparatively  cold  slab  near  it,  as  follows: 

Temp.  deg.  Time  p.  m. 

Before  slab  was  introdaced 016  4 :16 

Slabputin 560  4:17 

690  4:22 

600  4:27 

Slab  caught  up  with  kiln  here 615  4 :81 

The  results  of  this  maneuver  were  anything  but  con- 
convincing  however,  as  the  cones  bloated  in  greater  number 
and  in  greater  amount  than  any  preceding  test.  It  seems 
evident  that  the  SOs  or  whatever  gas  it  may  be  which  is 
causing  this  difficulty,  is  a  part  of  the  glass,  and  indeed  that 
slow  fusion  or  slow  pre-heating  rather  favors  than  hinders 
its  escape. 

The  results  attained  were  very  meager  and  uncertain  on 
account  of  the  bloating.  It  seemed  tolerably  evident  that 
2-M,  2-0  and  2-P,  were  the  three  most  fusible  glasses  in  the 
test,  though  2-G  and  2-1  are  close  behind  them.  2-R,  2-S 
and  2-Q  were  distinctly  less  fusible,  2-Q  probably  the  least 
fusible  of  any  tested  on  the  slab. 

In  order  to  test  the  reverse  treatment  as  to  absorption  of 
SOs,  another  set  of  the  same  cones  was  mounted  on  a  slab,  in 
the  same  relative  positions,  and  fired.  This  time  the  cones 
stood  in  the  open  kiln  5||^ours  before  they  began  to  soften. 
The  kiln  gases  were  maintained  oxydizing  throughout.  The 
results  were  very  much  better  in  every  way.  The  glasses 
did  not  swell,  and  bent  gently  over  till  they  formed  arches, 
which  then  collapsed  into  a  puddle,  after  a  little  delay. 
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The  results  of  this  bnrn  were  as  follows: 

2-M,  2-0  and  2-P  were  again  the  softest  glasses,  closely 
followed  by  2-G  and  2-1.  2.R  and  2-S  showed  better  in  this 
test,  though  still  behind  those  named  before,  and  2-Q  was 
again  definitely  the  hardest  glass  in  the  lot.  The  results 
exactly  check  those  of  the  preceding  test,  though  much 
more  satisfactory  in  execution. 

IX.     Summafy  of  Results  to  this  Point 

The  work  accomplished  up  to  this  point  may  be  summar- 
ized as  follows: 

It  has  been  shown,  (A)  by  reduction  of  Si02  from  2.60 
to  2.00  molecules,  (B)  by  increase  of  alkali  from  0.5  to  0.6 
molecules,  (C)  by  use  of  0. 3  KaO  and  0.3  Na^O,  in  place  of 
0.6  of  either  alone,  (D)  by  replacement  of  CaO,  either  wholly 
or  very  largely,  with  MgO,  BaO  or  ZnO  or  mixtures  of  these, 
that  a  large  variety  of  glasses  have  been  produced  which 
soften  at  about  650  degrees,  and  melt  at  750  degrees,  while 
Cremer  cones  010  placed  in  the  same  test,  melt  from  875  to 
925  degrees.  Common  window  glass  required  in  another 
bum,  cone  02,  before  fusion,  in  which  the  pyrometer  showed 
the  abnormally  high  temperature  of  1155  degrees.  It  is  not 
likely  that  the  figures  are  strictly  comparable,  but  at  least, 
there  is  no  doubt  that  the  glasses  produced  at  the  close, 
melted  fully  350  degrees,  and  possibly  400  degrees  below  the 
common  window  glass  first  tested. 

This  statement  shows  in  a  word,  that  real,  solid,  pro- 
gress has  been  made.  We  have  now,  not  one,  but  many 
glasses,  any  of  which  fuse  150  to  200  degrees  below  cone  010, 
and  so  far  as  mere  fusibility  is  concerned,  could  be  used  as 
the  basis  of  a  cone  010  mixture.  Also,  the  progress  has 
been  attained  without  recourse  to  any  but  non-reducible  ox- 
ides, as  originally  planned. 

By  no  means  all  the  work  has  been  yet  accomplished, 
however. 

(B)  The  most  fusible  members  of  these  preceding 
glasses  has  not  yet  been  isolated,  and  the  behavior  of  most 
of  them  has  been  contradictory  and  misleading  in  some  one 
of  these  tests.  It  seems  assured  that  Barium  will  be  a  constit- 
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uent  of  the  softest  glass,  but  beyond  this  we  cannot  now  say. 

(F)  We  do  not  know  the  cause  of  the  swelling  of  these 
glasses  when  fired  as  cones.  Whatever  the  cause,  if  it  can- 
not be  overcome,  it  will  go  a  long  ways  towards  spoiling  the 
glasses  for  use  as  the  basis  of  a  cone  series.  The  Cremer 
frit  has  this  fault,  and  it  is  in  part  to  escape  this  that  this 
work  was  begun. 

(G)  We  do  not  know  whether  these  glasses,  any  of 
them,  are  less  volatile  under  long  continued  heat  than  the 
Cremer  frit.  Their  composition  gives  us  the  right  to  expect 
them  to  be,  but  proof  is  still  lacking. 

It  seemed  unadvisable  to  proceed  with  further  tests  under 
E,  to  determine  the  glass  of  the  greatest  absolute  fusibility, 
until  we  had  answers  to  P  and  G,  for  we  had  no  assurance  that 
the  most  fusible  glass  might  not  be  the  one  with  the  great- 
est affinity  for  absorbing  gases,  and  for  volatizing  its  own 
constituents.  It  is  quite  within  the  possibilities  of  the  case, 
that  a  glass  may  [ultimately  be  selected,  which  is  consider- 
ably less  fusible  than  the  minimum,  but  whose  stability 
makes  it  safer  as  a  base-frit  for  the  cone  series. 

X.      The  Ultimate  Cause  of  Swelling  During  Fusion. 

Taking  up  the  consideration  of  topic  P,  the  attempt  was 
next  made  to  determine  the  cause  of  the  gaseous  evolution, 
by  which  the  more  fusible  cones  have  many  of  them  swelled 
during  fusion.  The  hypothesis  has  already  been  advanced, 
that  sulphur  in  some  form,  probably  that  of  alkaline  sul- 
phates, is  the  cause  of  this  trouble.  The  fact  of  such  great 
differences  in  the  fusion  of  cones  made  from  the  same  pow- 
der, and  burned  within  18  inches  of  each  other,  in  the  upper 
and  lower  muffles,  and  the  marked  effect  of  longer  or  shorter 
exposures  to  kiln  gases,  and  the  strange  fact  of  the  shortest 
exposure  producing  the  worst  swelling,  all  points  towards 
the  absorption  of  gas  during  the  original  fusion  of  the 
glasses,  which  is  given  out  more  or  less  completely  during 
the  long  roasting  which  the  cones  receive  in  heating  up  be- 
fore fusion.  This  physical  structure  of  the  cones  is  favor- 
able to  either  absorption  or  evolution  of  gases,  since  the 
burning  out  of  the  dextrine  leaves  the  mass  spongy. 
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To  test  this  theory,  four  glasses,  2-P,  2-G,  2-H,  and  2-1, 
each  containing 

in  common,  and  containing  respectively  0.4  equivalents  of 
CaOi  MgO,  BaO  and  ZnO,  and  in  addition,  some  Cremer  frit 
whose  formula  was  substantially 

0.5  NatO  12.00  SiOs 
0.6  CaO  /LOOBtOs 

were  thoroughly  ground  to  a  fine  dust;  each  was  then  mixed 
with  an  equal  weight  of  pure  Florida  kaolin.  The  purpose 
of  the  kaolin  was  to  make  the  mixture  spongy,  and  thus  hold 
the  mass  open  for  the  absorption  or  expulsion  of  gaseous 
matter  during  the  heating  process.  The  kaolin  would  dry 
to  a  spongy  mass,  especially  after  it  had  been  reduced  in  plas- 
ticity by  the  addition  of  50  per  cent,  of  non-plastic  glass- 
dust,  and  after  dehydration,  the  pore  system  would  be  still 
further  developed  by  the  loss  of  combined  water  and  organic 
matter.  The  five  di£ferent  mixtures  were  then  made  plastic 
with  water  only,  and  molded  into  cones,  of  which  each  batch 
made  seven. 

When  these  cones  had  dried,  three  of  each  batch  were 
placed  in  a  small  gas  crucible  furnace,  about  four  and  one- 
half  inches  internal  diameter  and  six  inches  deep.  A  small 
pat  of  clay  had  been  previously  prepared  with  shallow  tri* 
angular  holes  into  which  the  base  of  the  cones  would  fiti 
and  thus  stand  erect.  This  pat  had  been  previously  firedi 
and  was  set  in  the  center  of  the  furnace,  one  inch  above  the 
floor.  The  furnace  was  then  fired  up,  and  heated  until  its 
walls  had  become  thoroughly  red  hot,  and  at  a  temperature' 
of  1100  or  1200  C.  The  gas  was  then  turned  off",  the£ring 
hole  closed,  the  cones  placed  in  the  holes  in  the  pat,  the  lid 
replaced  and  the  cones  allowed  to  stand  for  20  minutes,  in  an 
atmosphere  averaging  800*^C  at  least,  and  free  from  combus- 
tion gases.  No  sulphuric  acid  or  any  other  gas,  other  than 
air,  could  possibly  have  access  to  the  cones  during  this  short 
period  of  heating.  At  the  end  of  20  minutes  exposure  to 
full  red  heat,  the  cones  were  removed,  cooled,  pulverized  and 
carefully  analyzed* 

*The  analyses  were  hy  Mr.  B.  W.  Kauss,  B.  Sc. 
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ANAIiYSBS  OF  MIZTUBBS    OF  VABIOUB  GLASSBS  AND  KAOLIN 
HBATBD  IM  20  MINUTBS  TO  BBDNBS8  IN  PUBE  AIB. 

TABLE  XX, 
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Elements. 

Lime  GUsfl. 

Magnesia 
Glau 

Barium 
Qlau 

Zlno  GlMB. 

Oremer  Frit. 

SiOi 

59.40 

62.10 

61.54 

66.82 

AlsOs 

21.28 

28.16 

24.24 

22.66 

CaO 

7.80 

0.68 

1.04 

MgO 

0.07 

2.96 

0.86 

0.20 

BaO 

. . '  . . 

14.02 

ZnO 

•  • 

• .  • . . 

8.84 

KsO 

5.68 

5.64 

4.94 

6.48 

NatO 

6.01 

4.88 

4.18 

4.40 

SOs 

0.82 

0.20 

0.55 

0.21 

0.082 

Lobs  on 

Ignition 

1.12 

0.89 

0.87 

0.90 

Totals... 

100.18 

100.86 

100.65 

99.70 

Three  cones  of  each  of  the  five  mixtures  were  then 
placed  in  the  muffle  kiln,  on  clay  slabs  as  usual,  except  that 
they  were  exposed  in  the  open  kiln,  and  not  protected  by 
the  usual  covering. 

They  were  brought  up  to  a  dull  red  heat  at  the  rate  of 
lOO^C  per  hour,  and  were  then  subjected  to  a  special  sulphur 
treatment  as  follows: 

The  heat  was  advanced  100^  at  a  time,  but  not  by  slow 
and  steady  gains.  On  the  contrary,  the  heat  was  urged  up 
as  fast  as  possible,  without  flashing,  occupying  20,  30  or  40 
minutes  to  rise  100°C.  The  damper  was  then  shut  down 
tight,  limiting  the  draft  to  what  could  escape  by  leakage. 
Into  the  fire,  copperas  was  now  thrown  in  successive  doses  of 
five  and  six  ounces  at  a  time,  made  up  into  a  ball  with 
enough  plastic  clay  to  keep  it  together,  and  to  prevent  the 
evolution  of  the  SOs  in  a  momentary  cloud.  This  was  con- 
tinued until  the  heat  had  fallen  back  considerably,  when 
the  damper  was  lifted,  and  the  temperature  moved  up 
another  100°C. 

By  this  treatment,  the  cones  were  subjected  to  alternat- 
ing periods  of  a  still  stagnant  amosphere,  reeking  with  SOs 
and  combustion  gases,  and  an  actively  circulating  atmos- 
phere charged  with  combustion  gases  and  free  air.     No 
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period  of  reduction  of  any  importance  was  permitted  to  oc 
cur,  so  that  any  SOs  absorbed  by  the  cones  would  not  be 
pelled  by  subsequent  treatment. 

The  copperas  was  used  as  follows: 


TABLE  XXL 


Time  Pertods. 


6K)0to 
6:60  to 
7.-00to 
7:80  to 
8:00  to 
8:26  to 
9:10  to 
10:16  to 
UK^to 
1.-00  to 


6:60 
7:00 
7:80 
8K)0 
S'^ 
9:10 
10:16 
11K)6 
l.*00 
7:00 


P- 
P- 
P- 
P- 
p. 
p. 
p. 
p. 


m. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 
a.  m. 
a*  m. 


Temperature 
BeaaingB<K) 

PoBlUon  of 

Damper. 

610-610 

Open 
Shut 

610-610 

610-710 

Open 

Shut 

710-710 

710-860 

Open 
Shut 

860-810 

810-900 

Open 

Shut 

900-876  - 

876-1000 

Open 
Shut 

1000-0 

Feeding  of  Oopperas. 


20  oz. In 
18  oz. in 
12  oz.  in 
24  oz.  in 
None. 
27  oz.  in 
None. 
42  oz. in 
None. 
18  oz. in 


4  portiona. 
2  portions. 
2  portions. 
4  portions. 

6  portions. 

7  portions. 
7  portions. 


Of  the  teu  pounds  of  copperas  used,  about  three  pounds  con- 
sisted of  anhydrous  SOs.  Also,  it  was  calculated  that  the 
SOs  and  SO3  rising  from  the  combustion  of  the  fuel  itself^ 
would  amount  to  a  very  considerably  quantity,  probably  7.& 
pounds,  so  that  10.5  pounds  of  SO3  passed  through  the  kiln 
during  the  bum.  The  chief  advantage  which  was  hoped  for 
the  use  of  the  copperas,  was  the  evolution  of  considerable 
quantities  of  SOs  at  the  times  when  the  draft  was  stopped; 
it  was  thought  that  that  which  passed  through  the  kiln  rap- 
idly while  the  damper  was  up  was  little  likely  to  strongly 
attack  the  glass-kaolin  mixture. 

Since  the  cones  were  liberally  dosed  with  SOs  at  tem- 
peratures below  the  vitrification  of  their  body,  and  while 
they  were  still  porous  and  able  to  admit  it,  it  was  thought 
that  if  one  glass  had  a  less  ability  to  withstand  SOs  or  a 
greater  tendency  to  lose  any  of  its  ingredients  by  volatiliza- 
tion, it  should  surely  show  it  by  analysis  after  this  treat- 
ment. The  final  temperature  reached  was  lOOO^C,  which 
was  thought  sufficient  to  assist  in  volatilization  of  alkalies,, 
without  risk  of  decomposing  sulphates  of  the  bases  which 
might  have  formed. 

On  opening  the  kiln  next  day,  we  found  the  cones  all 
vitrified  to  flesh-red,  stony-hard,  bodies,  very  much  alike,. 
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except  the  Cremer   frit  cones,  which  had  fused  and  gone 
down  at  950^C  or  about  where  cone  010  should  fuse. 

These  cones  were  then  finely  pulverized  and  their  re- 
spective contents  of  sulphuric  acid  (SOs)  determined. 


TABLE  XXII. 


BBSULTS  OF  SULPHUB  TBBATMEKT. 


Percentage  of 

Percentage  of 

Percentage 

BO,  after 

heating  In 

Pare  Air. 

80.  after 

Increase  In 

Increase  on 

•■ 

heating  In 

80. 

Original 

Kiln  Gases. 

Amount. 

liime-glass  Ck>ne 

0.82 

0.47 

0.16 

47 

Magnesia-glassCone 
Banum-glasB  Ck>ne 

0.20 

0.2d6 

0.096 

47 

0.66 

0.70 

0.16 

27 

Zinc-glass  Cone 

0.213 

0.247 

0.084 

16 

Cremer  Frit  Cone 

0.062 

0.688 

0.606 

617 

The  results  of  this  test  are  of  great  interest.  The  zinc- 
glass  seems  to  contain  as  little  sulphur  as  any  glass  in  the 
lot,  and  to  take  up  much  less  than  the  others,  relatively  and 
absolutely.  The  actual  quantity  of  SOs  taken  up  was  only 
about  one-third  of  that  of  the  magnesia-glass,  and  less  than 
one- fourth  of  the  amounts  absorbed  by  the  lime-  or  barium- 
glass.  The  magnesia-glass  shows  a  low  actual  sulphur  con- 
tent, but  a  rather  high  percentage  rate  of  absorption.  The 
actual  amount  absorbed,  however,  is  small. 

The  lime-  and  barium-glasses  show  to  a  disadvantage 
from  both  points  of  view.  They  contain  larger  initial  quan- 
tities of  SOs,  and  they  absorbed  larger  quantities  in  the  test. 
The  lime-glass  is  unsuitable  from  this  basis,  then,  in  addi- 
tion to  the  very  clear  evidences  of  unsuitability  in  the 
fusion  trials. 

The  barium-glass  has  the  advantage  over  the  lime-glass 
of  being  more  fusible,  but  its  sulphur  behavior  is  worse 
if  anything. 

The  Cremer  frit  is  the  most  surprising  member  of  the 
series.  Its  extremely  low  sulphur  content  in  the  beginning 
and  its  re'markable  absorption  of  SOs  in  the  test  explain  the 
reason  why  this  glass  has  given  such  unsatisfactory  results 
in  practice,  as  the  flux  for  a  cone  series. 
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XL     The  RelaUve  Volatility  of  the  Glasses. 

It  was  thought  that  the  alkalies  would  be  the  elements 
most  readily  expelled  from  the  glass-kaolin  cones,  and  that 
their  loss  would  most  rapidly  affect  the  melting  point  of  the 
glass.  Accordingly,  the  same  samples  were  carefully  anal- 
yzed in  duplicate  for  their  alkalies,  with  the  follow- 
ing results: 

TABLE  XXni. 


Mlztare. 

H6«t6d  90  mlnatea  to 
r«dDeH  In  pare  air. 

Heat  10  hoora  to  red- 
ness Inklln-gasea. 

Loss  or 
gala. 

KtO 

NasO 

Total 

KaO 

NatO 

Total 

TotsJ 

Lime-GIasB  Ck>ne         j 
Magnesia-Glass  Cone 

5.63 
5.96 

5.54 
5.63 

5.01 
5.18 

4.83 
4.50 

10.64 
11.14 

10.37 
10.13 

5.73 
5.58 

5.58 
5.91 
5.40 

4.12 
4.41 

5.54 

5.18 
4.78 

5.15 
5.16 
5.11 

3.86 
4.11 

4.86 

10.91 
10.36 

10.68 
11.07 
10.51 

7.98 
8.52 

10.40 

-fO.27 
-0.78 

-f0.81 
-fO.94 

Barium-QlasB  Cone     j 
Zlno-Glass  Cone         | 

4.94 
4.69 

5.43 

4.13 
4.23 

4.40 

.  •  • . 

9.07 
8.92 

9.83 

—1.09 
—0.40 

+a57 

It  seems  difficult  to  arrive  at  any  clear  conception  from 
the  above  as  to  what  actually  takes  place  in  these  glasses. 
The  analytical  results  are  very  probably  somewhat  at  fault, 
as  the  duplicate  determinations  do  not  check  as  they  should, 
in  a  number  of  cases.  However,  the  analyses  cannot  pos- 
sibly be  so  far  wrong  as  to  account  for  the  main  incongruities. 

It  is  evident  at  least,  that  there  is  no  characteristic  or 
heavy  loss  of  alkali,  by  the  longer  exposure  to  heat  and  acid 
fumes.  In  fact,  the  losses  by  silica  and  alumina  must  have 
been  considerable  in  some  cases  to  make  the  final  content  of 
alkali  distinctly  higher  than  in  the  beginning. 

While  these  figures  are  not  as  conclusive  as  we  should 
like,  still  they  seem  to  make  it  leasonably  safe  to  conclude 
that  volatization  of  alkali  is  not  a  serious  factor  in  any  of 
the  cases  tested,  and  therefore,  presumably,  not  with  any 
other  glasses  which  the  further  development  of  the  series 
might  require. 
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XI L     Isolating  the  Most  Favorable  Glass. 

Referring  back  to  Section  IX,  we  are  now  ready  to  attack 
B  once  more,  and  under  better  circumstance  than  in  the  first 
instance.  We  have  shown,  first,  that  zinc  glasses,  or  mag- 
nesia glasses,  or  magnesia-zinc  glasses  are  least  liable  to  take 
up  sulphur  in  offensive  quantities  and  that  volatility  is  not  a 
serious  fault  with  these  glasses,  more  than  with  others. 

Hence,  the  inquiry  now  narrows  down  to  the  considera- 
tion of  what  ratios  of  ZnO  and  MgO  will  give  the  most 
fusible  and  most  stable  glass. 

NOTE.— The  work  had  been  carried  but  little  farther  at  the 
timeof  publication,  and  is  not  yet  ready  for  announcement.  It  Is 
hoped  to  make  the  selection  of  the  best  glass,  and  demonstrate  a 
cone  series  made  from  it,  in  the  future. 

DISCUSSION. 

Professor  Charles  F.  Binns:  I  would  like  to  ask  Profes- 
sor Orton  to  tell  us  what  form  of  the  salt  he  put  into  the  frit 
in  each  case? 

Professor  Orton:  I  used  soda  ash,  or  common  com- 
mercial carbonate  to  introduce  my  Na^O.  I  used  the 
laboratory  carbonate  of  potash,  but  once  our  supply  of 
the  carbonate  ran  low  and  we  used  the  nitrate  instead.  The 
calcium  oxide  was  derived  from  pure  whiting.  The  barium 
was  used  as  a  carbonate.     The  zinc  was  used  as  the  oxide. 

Professor  Binns:  Was  there  any  connection  between  the 
use  of  the  nitrate  of  potash  and  ^cessive  boiling  or  foaming 
of  the  glass  during  fusion? 

Professor  Orton:  I  first  had  trouble  from  foaming  when 
we  used  the  nitrate,  but  htter,  when  we  used  the  carbonate, 
it  boiled  almost  as  bad.  I  was  not  able  to  see  in  the  second 
burn  that  the  carbonate  of  potash  had  behaved  much  better 
than  the  nitrate. 

Professor  Binns :  Another  question.  Is  it  perfectly  clear 
that  all  the  CO3  was  expelled  in  the  fritting?  Is  it  perfectly 
clear  that  none  of  the  swelling  could  be  attributed  to  CO3? 

Professor  Orton:  No.  I  do  not  think  it  could.  I  don't 
believe  you  will  find  any  COa  in  silicates  which  have  attained 
the  condition  of  clear  perfectly  fused  glasses.     I  don't  be- 
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lieve  it  is  possible  that  CO3  could  still  remain  in  solution  in 
the  glass.  Sodium  carbonate  decomposes  pretty  rapidly 
above  850^C,  especially  if  mixed  with  silica.  Heated  to  cone 
St  as  we  did  with  these  glasses,  you  get  a  perfectlv  clear 
quiet  glass,  through  which  you  can  look  down  to  the  bottom 
of  the  crucible,  as  if  it  were  water,  instead  of  molten  silicate. 

Mr.  Stanley  G,  Burt:  I  think  it  possible  that  all  the 
CO2  was  not  driven  off  in  fritting.  I  have  noticed  in  my  ex- 
periments, when  fritting  an  alkaline  carbonate  with  silica, 
you  first  get  an  effervesence,  and  in  time  the  melt  gets  per- 
fectly clear  and  quiet,  and  you  can  go  to  an  intense  white 
heat  without  further  change.  You  might  imagine  the  car- 
bonic acid  was  all  gone,  but  drop  the  least  additional  silica 
in  it,  and  more  gas  is  at  once  set  free.  There  must  be  some 
carbonic  acid  present  to  explain  that.  I  would  like  to  ask  if 
you  tried  prolonged  fusion  in  forming  the  original  frits?  I 
find  that  rapid  fusion  enables  the  surface  to  fuse,  sealing  it 
as  it  were,  and  destroying  the  posibility  of  the  gas  escaping. 
In  slow  fusion,  long  before  the  actual  melting  sets  in,  the 
bulk  of  the  gases  escape  through  the  porous  mass,  and  you 
can  go  ahead  without  swelling. 

Professor  Orton:  The  mixtures  were  fused  for  periods 
running  from  eight  to  twelve  hours  and  were  most  carefully 
watched  through  the  fritting  stage,  when  the  gases  were 
most  rapidly  coming  off.  The  mixtures  in  the  cups  would 
settle  and  shrink  for  a  time,  then  begin  to  swell  and  rise  up, 
and  sometimes  would  extend  like  a  cylindrical  plug  an  inch 
or  more  above  the  edge  of  the  cup.  Then  they  would  grad- 
ually flatten  back,  or  the  crust  would  cave  in,  showing  the 
molten  interior,  and  the  whole  would  rapidly  settle  down  to 
an  inch  or  two  of  clean  glass,  as  transparent  as  water. 

Now,  the  evolution  of  this  gas  was  such  a  distinct  stage 
and  its  beginning  and  ending  were  so  sharply  marked  that  I 
have  regarded  it  as  a  definite  chemical  reaction  and  have 
considered  it  as  marking  the  expulsion  of  COj.  The  idea  of 
a  molten  glass  of  any  considerable  acidity  retaining  any  CO3 
in  it  after  it  has  been  heated  60(f  C  above  its  point  of  visible 
gas  evolution  is  new  to  me,  and  I  am  free  to  say  it  does  not 
seem  probable. 
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Professor  Binns:  That  is  a  point  which  could  be  readily 
established.    You  could  find  it  in  the  frit,  if  it  was  there. 

Mr.  Burt:  You  spoke  of  the  fact  that  the  cone  should 
be  mixed  with  70  per  cent,  of  frit,  and  30  per  cent,  of  the  raw 
sterile  mixture.  Aren't  these  glass  cones  (pointing  at  sam- 
ples) almost  entirely  frit? 

Professor  Orton :  I  did  not  say  that  a  cone  should  con- 
tain 70  per  cent,  frit;  I  said  in  one  case  that  one  which  con- 
tained 70  per  cent,  frit  melted  practically  the  same  as  if  it 
were  all  frit.  I  said  that  70  per  cent,  frit  would  not  do;  we 
would  have  to  use  a  larger  per  cent,  of  sterile  ingredients 
than  30  per  cent. 

Mr.  Burt:  How  much  sterile  material  would  your  best 
low-fusing  frit  carry,  and  still  come  down  at  010? 

Prosessor  Orton :  Fifty  per  cent,  or  a  little  more,  I  think. 
That  is  just  a  guess. 

Mr.  Burt:  You  intend  to  determine  that  in  fur- 
ther work? 

Professor  Orton :  Yes.  I  hope  to  carry  this  investiga- 
tion through. 
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BY 

Stanlby  G.  Bubt,  Cincinnati,  Ohio. 

The  student  of  Segers  laws  for  body  and  glaze  co- 
efScient  is  at  once  stmck  by  a  seeming  contradiction.  He 
is  told  first  that  by  increasing  the  percentage  of  silica  in 
bodies,  he  increases  his  body  coefficient,  thereby  reducing 
the  liability  to  craze,  and  then  further  on  he  finds  that  leav- 
ing the  body  constant  he  may  add  silica  to  his  glaze,  thereby 
not  increasing  the  glaze  coefficient  as  might  be  supposed, 
but  on  the  contrary  reducing  it.  That  is,  the  coefficient  of 
the  silica  added  to  the  body  is  greater  than  the  average  co- 
efficient of  the  body  ingredients.  The  final  coefficient  is 
therefore  raised  by  adding  it,  while  on  the  other  nand  the 
case  is  exactly  reversed  on  adding  it  to  a  glaze. 

I  called  attention  to  this  in  my  paper  two  years  ago, 
and  offered  as  an  explanation  the  fact  that  while  in  the  body 
the  silica  was  non-combined,  that  is  free  and  crystaline,  in 
the  glaze  it  was  combined  and  amorphous.  Now  while  the 
coefficient  of  the  crystaline  silica  is  high,  that  of  the  amor- 
phous is  very  low ;  hence  we  have  the  increase  in  the  body 
coefficient,  and  the  decrease  in  the  glaze. 

That  crystaline  silica  has  a  high  coefficient  is  well 
known.  Probably  the  high  expansion  of  a  silica  brick  is 
the  most  striking  proof.  This  coefficient  has  been  accur- 
ately measured  by  Damour,  who  also  measured  the  coef- 
ficient of  various  bodies  showing  that  one  containing  75 
per  cent.  Si02  had  more  than  twice  the  expansion  of  one 
showing  but  68.4  per  cent.  So  the  increase  in  the  body  co- 
efficient is  readily  understood,  but  what  striking  proof  have 
we  of  its  low  coefficient  in  glazes? 

This  point  was  recalled  to  my  mind  on  reading  an 
article  by  Prof.  Witte  of  Berlin,  on  what  he  calls  an  ideal 
glass.  The  article  was  really  a  discussion  as  to  whether  we 
should  consider  glass  as  a  liquid  or  a  solid,  but  the  interest 

MO 
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in  connection  with  my  subject  lay  in  his  description  of  this 
wonderful  new  glass. 

A  glass,  to  be  ideal,  must  satisfy  many  conditions,  two  of 
which  have  eluded  all  previous  experimenters.  These  two 
are.  Firsts  that  it  have  the  lowest  possible  coefficient  of  expan- 
sion, and  Second^  the  ability  to  withstand  chemical  action. 
We  have  all  been  maddened  by  breaking  lamp  chimneys 
and  most  of  us  know  about  the  elaborate  experiments  to 
obtain  a  glass  suitable  for  fine  thermometers.  The  trouble 
in  both  cases  is  due  to  the  high  coefficient  of  expansion. 

This  expansion  must  be  reduced  to  a  minimum,  but 
what  is  there  from  which  we  can  make  glass  that  will  give 
us  this  low  coefficient  ?  The  triumph  of  this  discovery  be- 
longs to  a  German.  And  what  does  he  take?  Nothing 
more  nor  less  than  pure  silica.  He  literally  fuses  pure  silica 
and  makes  glass  of  it.  Silica  fused  to  a  glass  is  in  the  am- 
orphous form,  and  cools  too  rapidly  to  crystalize  again. 

The  resulting  glass  is  clear  and  fine,  can  be  heated  to 
intense  white  heat  without  softening,  and  when  at  this  high 
heat  may  be  thrown  into  ice-water  without  injuring  it  in  the 
least,  simply  because  of  its  low  coefficient  of  expansion. 

With  this  test  in  mind,  we  readily  see  how  the  silica 
being  amorphous  in  the  glaze,  the  more  silica  we  add  to,  our 
glaze  (that  is,  the  closer  we  approach  a  pure  silica  glass)  the 
lower  our  glaze  coefficient  will  be.  So  Seger's  seeming  con- 
tradiction is  explained. 

Do  these  laws  agree  with  the  results  our  practical  ex- 
perience gives  us? 

Taking  first  the  body,  we  know  that  fine  grinding  of 
the  silica  makes  a  great  difference  in  the  results  obtained ; 
the  finer  we  grind,  the  greater  the  coefficient.  How- 
ever, this  does  not  mean  that  we  have  altered  the  coefficient 
of  the  silica,  but  that  we  have  enabled  ourselves  to  get  a 
better  mechanical  mix  by  fine  grinding,  thereby  benefiting 
in  the  coefficient  of  the  body  as  a  whole. 

In  this  connection,  I  may  say  that  of  two  bodies  showing 
the  same  percent  of  free  silica^  in  one  the  silica  merely  added 
as  such,  while  in  the  other  body  the  clay  as  found  in  nature 
contained  the  free  silica,  the  latter  will  have  much  the  higher 

SI  Ccr. 
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coefficient.  This,  I  believe  to  be  due  not  only  to  the  prob- 
able finer  grain,  but  also  to  the  better  mix  as  just  ex- 
plained. 

In  firing,  the  body  undergoes  decided  changes  in  the 
coefficient.  We  find  that  up  to  fairly  complete  vitrification* 
the  higher  we  fire,  the  greater  the  coefficient.  Mere  addition 
of  silica  to  the  body  will  not  raise  this  coefficient,  but  each 
addition  of  silica  necessitates  higher  fire.  That  is,  if 
a  body  maturing  at  cone  6  crazes,  adding  silica  and  still 
firing  to  cone  6  won't  help  matters,  because  your  body  is  now 
under-fired.  In  this  case,  we  consider  the  craze  as  being 
due  to  our  body  having  too  low  a  coefficient.  Now  as  the  body 
coefficient  increases  with  the  fire,  an  under-fired  piece  will 
leave  too  low  a  coefficient  and  craze.  Adding  flint  to  the 
body  renders  it  less  fusible,  so  in  order  not  to  have  an  under- 
fired  body,  the  firing  must  be  carried  on  to  cone  7  or  8. 

If  on  the  other  hand  a  body,  which  at  the  proper  heat 
is  free  from  craze,  is  over-fired,  we  may  find  craze  setting  in 
again.  How  does  the  theory  of  the  two  laws  cover  these 
practical  results? 

In  the  case  of  the  over-fire,  the  explanation  seems  sim- 
ple. Over-firing  to  the  ordinary  potter  means  vitrification  of 
his  body.  Vitrification  means  converting  the  free  crystaline 
silica  into  silicate  formations,  a  change  from  high  coefficient 
to  low,  which  is  just  what  we  don't  want  in  the  body. 

By  the  ordinary  potter,  I  mean  one  making  pottery 
as  distinguished  from  one  making  porcelain.  The  porcelain 
maker  aims  for  a  complete  conversion  of  his  tree  silica  and 
makes  up  for  the  resultant  low  coefficient  in  the  body  by 
using  a  very  high  percentage  of  silica  in  his  glaze,  and  a 
consequent  low  glaze  coefficient.  My  own  experience  shows 
the  over-fire  craze  to  be  very  rare. 

Now,  as  for  the  under-fired  ware,  the  explanation  is  not 
so  simple.  It  does  not  seem  probable  that  a  substance  without 
chemical  change,  would  change  its  coefficient  from  mere 
heating.  What  we  do  know  is  that  when  we  grind  our 
silica,  and  thereby  bring  about  a  more  intimate  union,  we 
greatly  increase  our  coefficient.  It  seems  probable  that  our 
increased  coefficient  from  firing  is  due  to  the  fact  that  as  we 
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fire,  the  body  contracts,  thereby  giving  a  more  and  more  per- 
fect union.  That  is,  a  semi-vitrified  body  will  have  a  greater 
expansion  than  the  same  body,  open  and  highly  porous. 

Before  leaving  the  consideration  of  bodies,  a  point 
occurs  to  me  which  I  wish  some  member  fortunate  enough 
to  possess  a  fine  microscope  would  investigate.  This  point 
refers  to  another  one  of  Seger's  laws.  He  tells  us  that  sub- 
stitution of  a  ball  clay  for  a  kaolin  will  increase  the  body 
coefficient.  This  is  undoubtedly  true,  but  why?  Undoubtedly 
ball  clays  as  a  rule  carry  more  free  silica  than  kaolins,  but 
even  allowing  for  this,  the  result  is  the  same.  I  believe  it 
is  due  to  the  closer  union  of  the  particles  that  I  have  been 
speaking  about.  This  closer  union  in  a  ball  clay  is  due, 
first,  to  the  fact  that  as  it  is  a  sedimentary  clay,  its  particles 
have  undergone  a  very  fine  natural  grind  in  the  waters  which 
carried  thein,  which  the  kaolin  has  not,  and  second,  to  the 
fact  that  the  higher  per  cent  of  impurities  in  the  ball  clays 
cause  it  to  contract  much  more  readily.  It  is  the  question 
of  the  relative  fineness  of  the  ball  clay  and  the  kaolin,  that 
I  would  like  to  see  investigated  with  a  microscope. 

Considering  glazes  next,  we  find  the  same  thing  true 
that  we  found  for  bodies.  That  is,  on  adding  silica,  we  must 
have  additional  fire.  However,  an  under-fired  glaze  is  as  a 
rule  so  self  evident,  that  no  potter  stops  at  an  under-fired 
glaze. 

It  is  at  times  hard  to  tell  an  under-fired  body,  but  not  as 
a  rule  an  under-fired  glaze. 

To  test  the  Seger  laws,  I  made  nine  identical  pieces  and 
divided  these  into  three  groups  of  three  each,  calling  them 
A,  B  and  C.  The  A  group  was  given  an  under-fire,  the  B 
a  correct  fire,  and  C  an  over-fire.  All  were  then  glazed  in  a 
uniform  glaze.  lA  was  then  given  an  under-fire  for  glost, 
2A  a  correct  fire  and  3A  an  over-fire.  The  <  same  scheme 
was  followed  in  groups  B  and  C.  In  this  way  the  field  was 
pretty  wellc  overed;  that  is,  the  field  of  over-  and  under-fireing. 

On  examining  my  results,  the  most  noticable  thing  was 
that  a  decidedly  worse  result  was  obtained  from  an  under- 
fired  glaze  than  from  an  under-fired  biscuit,  though  both 
were  bad. 


844  THB  OOEFFICIBNT  OF  BXPA1V8ION  OF  BIUOA. 

Another  interesting  point  was  that  the  under-fired  glaze 
might  have  the  clearness  and  brilliancy  of  one  fully  fired. 
That  is,  between  many  under-fired  glazes,  and  the  same  fully 
fired,  a  change  has  taken  place  hardly  noticable  to  the  eye. 
If,  however*  we  examine  the  under-fired  glaze  with  a  magni- 
fying glass,  we  discover  many  small  bubbles  down  in  the 
glaze.  The  question  at  once  arises  if  the  glaze  is  fused 
to  clearness,  how  to  explain  these  bubbles? 

If  silica  is  added  to  a  molten  solution  of  Na2C08>  the  CO3 
is  displaced  and  sodium  silicate  formed,  with  the  resultant 
solution  less  fusible.  Now  if  we  heat  it  higher,  and  add 
more  SiO^,  more  CO3  will  be  given  off.  This  we  may  repeat 
at  a  higher  heat,  and  it  is  surprising  at  how  high  a  heat 
CO2  will  still  be  given  off.  Bach  addition  of  SiCh  ren- 
ders the  mass  more  infusible,  and  working  with  a  blow  pipe  I 
was  unable  to  reach  a  point  at  which  further  CO2  was  not- 
given  off. 

Now  in  the  case  of  CaCOs  fired  alone,  we  have  no  fusion 
and  the  bulk  of  the  CO2  passes  off  at  red  heat,  but  could  not  a 
considerable  per  cent  of  its  CO2  be  retained  if  there  was 
fusion?  In  making  our  glazes,  we  frit  our  Na2C08  and  CaCOs 
together  with  ingredients,  such  as  B2(OH)e  and  PbO,  both 
low  fusers,  thereby  I  believe  retaining  considerable  COs- 

Now  I  believe  the  bubbles  I  spoke  of  are  CO2.  Some 
claim  they  are  air  bubbles,  but  this  cannot  be,  as  you  can 
see  them  over  our  vitrified  bodies.  They  are  not  the  miser- 
able SU2»  of  which  I  have  spoken  before,  as  these  leave  no 
blister  after  them,  merely  small  not  unpleasant  pin  holes;  so 
I  feel  sure  these  are  not  SO2. 

The  fact  that  the  under-fired  glaze  appeared  clear  would 
seem  to  indicate  that  the  Si02  in  the  glaze  mix  had  gone 
into  a  silicate  formation.  By  clear,  I  mean  there  was  nothing 
undissolved  in  suspension.  The  bubbles  of  CO2  still  pres- 
ent indicate  to  my  mind  the  fact  that  at  the  heat  at  which 
the  glaze  was  fired,  there  was  not  sufficient  S]02  present  to 
displace  all  the  CO2  which  could  be  displaced  at  that  heat. 
So  the  glaze,  acting  on  the  body,  is  dissolving  Si02  from  the 
body  which  in  turn  is  displacing  CO2  from  the  glaze.  If  now 
the  glaze  is  held  sufficiently  long  at  a  uniform  heat,  we  will 
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presently  reach  a  point  at  which  no  more  can  be  displaced 
for  that  heat.  This  is  due  to  the  fact  that  taking  up  SiO^ 
from  the  body  renders  the  glaze  less  fusible,  therefore  less 
fluid;  the  movement  of  the  molecules  is  retarded,  and  any 
carbonate  directly  in  contact  with  the  body  being  decom- 
posed, no  fresh  carbonate  can  reach  it.  If  however,  the  heat 
be  raised,  the  reaction  starts  up  again,  and  fresh  bubbles  are 
formed,  So  to  free  a  glaze  from  these  bubbles,  it  should  be 
held  constant  at  its  maximum  heat  a  sufficient  length  of 
time.  This  is  iust  what  the  majority  of  potters  do.  I  do 
not  claim  that  all  glazes  would  noticably  show  this  phenom- 
enon. Many  have  too  low  a  percentage  of  carbonate  in  any 
form,  but  I  believe  the  majority  do.  I  have  known  glazes 
that  could  be  freed  from  this  defect  in  no  other  manner. 

A  glost  kiln  cooled  too  rapidly  shows  these  pin  hole  pits 
very  badly,  due  not  only  to  the  scars  not  having  had  time 
to  heal,  but  to  the  fact  that  slow  cooling  gives  more  time  for 
the  glaze  to  free  itself  as  I  have  explained. 

It  may  seem  hard  to  see  just  what  connection  all 
this  has  with  my  subject,  but  what  I  aim  to  show  is  that 
while  the  under-flred  glaze  crazed,  and  the  correctly  fired 
one  did  not,  this  was  due  to  the  latter  taking  up  silica  from 
the  body.  That  the  glaze  so  badly  under-fired  as  to 
have  parts  unfused  should  craze  so  very  badly,  would  in- 
dicate that  here  the  silica  had  as  yet  not  entirely  changed 
to  the  amorphous  lorm. 

At  some  future  time,  I  hope  to  speak  on  the  seeming 
error  of  what  I  may  call  the  silica  laws  when  applied 
to  matt  glazes. 

DISCUSSION. 

Mr.  Thomas  Gray:  I  would  like  to  ask  the  cause  of 
over-fired  wares  crazing. 

Mr^  Burt:  The  damage  from  over-firing  is  in  the 
body,  not  the  glaze.  We  want  to  get  the  high  coefficient 
of  crystalline  silica.  Over-firing  means  the  conversion  of 
crystalline  silica  into  silicate  formations.  It  is  no  longer 
crystalline  silica  with  a  high  coefficient,  but  it  is  an  amor- 
phous silicate  with  a  low  coefficient. 
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Mr,  Gray:  I  want  to  inquire  what  the  statement  as  to 
too  rapid  cooling  in  the  glost  kiln  means?  We  draw  the 
fires  as  soon  as  done  burning,  and  soft  coal  cools  more  rap- 
idly than  hard  coal.  Do  you  mean  cooling  more  rapidly 
than  with  soft  coal?  I  have  often  wondered  whether  the 
pimple  indentations  were  formed  by  too  rapid  cooling.  I 

Mr,  Burt:  There  are  a  great  many  methods  of  cooling 
a  kiln.  The  porcelain  manufacturer  throws  the  kiln  wide 
open,  and  lets  in  cold  air  with  a  rush.  That  is  rapid  cooling. 
In  the  ordinary  pottery  works,  they  seal  the  glost  kiln'  up. 
Sometime  ago  Professor  Binns  wrote  me  and  asked  me  what  *- 
my  opinion  was  as  to  these  pin  holes,  and  I  told  him  what  I 
do  you.  He  asked  me  what  was  the  remedy,  and  I  said  not 
to  cool  too  rapidly.  He  went  a  step  further  than  that,  and 
did  not  draw  his  fires,  cooled  slowly,  and  was  at  once  freed 
from  the  trouble.  However,  you  have  got  to  be  careful  not . 
to  generate  a  reducing  gas  by  leaving  the  fires  undrawn 
and  sealing  up  a  kiln. 

At  the  Cleveland  summer  meeting,  we  took  a  tour  down 
to  Akron;  a  very  interesting  trip.  As  we  were  going 
through  a  stoneware  works,  they  had  just  fired  off  a  kiln, 
and  a  man  was  sealing  up  the  kiln.  Professor  Binns  asked 
him  what  he  was  sealing  that  kiln  for,  and  the  man  an- 
swered that  if  he  did  not  seal  the  kiln,  he  would  get  ware 
full  of  pin  holes. 

Mr,  Gray:  As  soon  as  we  are  done  firing,  we  pull  the 
fires  right  out  and  sometimes  open  the  test  holes  half  an 
hour  after  the  fires  are  drawn.  I  have  not  noticed 
any  pimples. 

Mr,  Burt:  What  I  say  in  my  paper  is,  that  I  do  not 
claim  all  glazes  suffer  from  this  difficulty.  If  your  glaze 
does  not  happen  to  suffer,  cool  as  rapidly  as  you  can,  but 
if  one  of  you  is  unfortunate  enough  to  suffer  from  this  dif- 
ficulty, then  I  say  your  remedy  is  to  cool  slowly. 

The  Chair:    I  think  in  view  of  Mr.  Gray's  former  re- 
marks about   matt   finish,  he   might   try   cooling   slowly.  ^ 
Whether  that  matt  surface  is  pimple  or  not,  will  take  a 
microscope  to  determine. 


THE  CONSTRUCTION  AND  EQUIPMENT  OF  A 

WHITE  WARE  POTTERY. 

BY 

Arthur  S.  Watts,  New  Lbxington,  O. 

For  the  past  year  I  have  devoted  my  entire  time  to  the 
designing  and  erection  of  a  12  kiln  china  ware  plant.  From 
my  experience  along  this  line,  I  propose  to  offer  the  society 
my  idea  of  a  white  ware  plant,  trusting  that  it  may 
find  some  helpful  suggestions  from  a  study  of  my 
ideas.  As  I  shall  publish  an  outline  plan  of  the  buildingS| 
it  will  be  unnecessary  to  discuss  their  arrangement  here. 
What  I  propose  is  to  take  up  the  various  defects  common  in 
such  plants,   and  offer  what   I  propose  as  a    correction. 

While  I  approve  of  all  practical  labor-saving  devices, 
I  do  not  consider  any  mechanical  device  a  good  invest- 
ment that  will  not  save  its  cost  in  one  year.  We  will  first 
look  to  the  power  plant,  which  I  will  discuss  in  detail  later. 
In  my  engine  room,  will  be  two  engines  and  two  dynamos. 
One  of  the  latter  will  be  used  for  power,  and  the  other  for  light* 
In  the  average  white  ware  plant,  so  little  power  is  used  be- 
yond the  clay  shops,  that  none  is  supplied  beyond  this  point. 
I  propose  to  make  use  of  motors  wherever  power  is  needed 
beyond  the  bisque  kiln  shed,  as  it  is  quite  as  economical  and 
saves  the  long  shafting  otherwise  necessary. 

Adjoining  my  engine  room,  I  propose  a  thoroughly 
equipped  machine  shop,  where  all  work  of  the  factory  may 
be  done. 

In  the  clay  rooms,  the  first  subject  that  demands  our 
attention  is  the  material  and  clay  sheds.  Many  factories 
have  these  sheds  so  located  that  a  long  haul  is  necessary  to 
reach  the  slip  house.  I  propose  to  make  use  of  modem 
conveying  machinery^  and  with  a  grain  shovel  inside  of  the 
car,  I  will  be  enabled  to  unload  a  car  of  material  with  one 
man  in  one- third  the  ordinary  time.    I  also  find  that  flint 
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sand  can  be  purchased  for  about  ^1.00  per  ton,  and  even  with 
the  expense  of  installing  tube  or  ball  mills  for  grinding, 
the  ground  flint  can  be  produced  for  much  less  than  the 
market  price.  The  same  is  the  case  with  feldspar  rock. 
What  I  propose  is  to  install  porcelain-lined  tube  mills  and 
grind  my  own  flint  and  spar. 

The  next  practice  that  I  propose  to  improve  upon  is  the 
preparation  of  the  body.  We  must  have  the  body  uniform'^ 
ly  mixed,  if  our  ware  is  to  be  of  a  uniform  color  and  appear- 
ance. The  flint  and  spar  ordinarily  used  are  materially 
coarser  than  the  clay,  and  hence,  especial  care  must  be  taken 
to  have  them  thoroughly  mixed.  This  can  not  be  done 
in  the  old  fashioned  blunger.  What  I  propose  is  a  series  of 
blungers,  from  which  the  body  passes  to  a  tube  mill  such  as  is 
commonly  used  for  grinding  Portland  cement.  This  is 
the  best  rapid-grinding  apparatus  known  for  clay  working, 
and  by  careful  adjustment  the  body  can  be  brought  from 
this  mill  in  a  perfectly  uniform  and  very  fine  condition.  It 
has  been  my  experience  that  this  is  the  only  successful 
means  of  overcoming  cloudiness  so  common  in  American 
porcelain. 

Prom  the  tube  mill,  my  slip  will  pass  through  a 
trough,  where  I  have  installed  a  battery  of  horseshoe  mag- 
nets, charged  from  my  electric  lighting  line.  By  this 
method,  I  remove  any  particles  of  metallic  iron  that  may 
have  stolen  into  the  mixture.  I  find  this  a  very  good 
thing,  since  about  any  factory,  annoyance  from  a  few 
specks  of  iron  in  a  fine  piece  of  ware  is  no  uncommon 
occurrence. 

The  body  then  passes  through  the  sceern  into  the 
deep  agitator.  I  will  here  explain  what  I  consider  an 
ideal  clay  slip  screen.  It  is  nothing  more  than  a  rectangular 
box  24x30  inches,  made  of  heavy  wood  to  stand  jarring.  It 
is  set  with  one  end  raised  about  lO",  and  the  upper  end  is 
left  open  to  permit  the  workings  to  pass  out.  The  slip  is 
introduced  at  the  lower  end.  The  shaking  is  produced  by 
having  the  box  supported  on  four  straight  steel  springs,  two 
at  each   end.      A   heavy  cog  wheel  forces  the  box  out  of 
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position  until  a  cog  can  pass  under,  when  the  box  flies  back 
to  its  original  position,  striking  either  the  next  cog  or  a 
block  set  for  the  purpose.  This  produces  a  very  strong  jar, 
and  frees  all  collected  refuse  from  the  surface  of  the  screen^ 
jarring  it  up  the  incline  until  it  passes  over  the  top.  I 
have  seen  this  type  of  screen  work  for  months  without  need- 
ing any  repair,  and  it  possesses  the  advantage  of  requiring 
very  little  height,  whereas,  the  ordinary  screen  requires 
from  two  to  three  feet  of  height,  necessitating  the  placing  of 
all  blungers  very  high,  and  requiring  a  proportionately 
higher  building. 

Prom  the  deep  agitator  the  slip  goes  to  the  press  by 
means  of  the  pump.  If  any  one  machine  in  a  pottery  may 
be  considered  the  ''potter*s  burden/'  it  is  the  slip  pump» 
Every  potter  has  his  own  idea  of  a  pump,  but  mine  is  a  rub- 
ber-ball-valve pump.  This  works  by  a  plunger,  but  in- 
stead of  the  ordinary  brass  or  leather  valve,  it  has  a  socket 
into  which  fits  a  rubber  ball.  This  can  not  possibly  get  out 
of  the  cavity,  and  when  it  becomes  worn  too  smalls 
it  can  be  replaced  for  a  few  cents,  thus  giving  you  practically 
a  new  valve.  As  the  rubber  takes  all  the  wear,  the  socket 
lasts  for  years  This  pump  gives  less  trouble  where  used 
than  any  that  I  have  ever  tried  or  seen  tried,  besides  being 
cheaper  than  the  brass  valve  commonly  used. 

Another  idea  that  I  have  proven  to  be  thoroughly  prac- 
tical, is  a  pad  under  each  sack  on  the  press.  Any  slip-house 
man  will  tell  you  that  it  takes  longer  to  put  the  last 
quarter  of  clay  into  a  leaf  than  is  consumed  in  pumping  up 
the  first  three-quarters  of  the  leaf.  This  is  owing  to  the 
canvass  sack  being  pressed  tight  against  the  iron  leaf  of  the 
press,  leaving  no  room  for  the  water  to  run  out.  By  placing 
a  layer  of  coarse  felt  or  canvas  between  the  sack  and  the  iron 
leaf,  the  water  can  soak  out  at  any  ordinary  pressure  as  fast 
as  the  pump  can  force  it  in.  This  enables  you  to  pump 
your  press  up  to  100  pounds  without  stopping,  and  you 
will  find  that  it  will  take  less  than  one-half  the  time  con- 
sumed by  the  old  single  sack  method.  I  find  further,  that 
a  press  thus  equipped  will  not  burst  and  run,  as  the  clay 
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from  the  broken  sack  meets  the  cushion  of  felt  or  canvas 
and  clogs,  thus  enabling  the  press-man  to  continue  with  his 
pumping,  and  perhaps  use  the  broken  sack  the  remainder  of 
the  day  without  any  trouble.  I  also  find  this  a  great  sav- 
ing in  sacks,  as  no  loss  is  experienced  from  wear  against  the 
iron  leaf. 

Prom  the  press,  the  clay  goes  to  the  cellar.  Here  is 
the  weak  point  in  most  white  ware  potteries,  especially 
china  plants.  Ample  room  must  be  supplied  for  aging  the 
body,  as  otherwise  much  loss  is  suffered  from  cracking. 
Most  clay  cellars  are  too  cold.  This  is  the  worst  condition 
possible  where  a  bacterial  growth  is  desired,  as  is  the  case 
here.  The  temperature  of  a  clay  cellar  should  never  run 
below  76^  and  an  abundance  of  moisture  should  be  provided. 
This  condition  I  propose  to  insure  by  placing  steam  pipes 
next  my  ceiling.  My  walls  will  be  lined  with  heavy  oak 
plank,  as  will  also  the  floors.  The  cellar  will  be  of  sufficient 
size  that  the  clay  may  be  aged  for  two  weeks.  I  find  that 
under  proper  conditions,  a  longer  period  of  aging  proves 
detrimental  since  the  clay  becomes  rotten  and  full  of  tiny 
gas  bubbles,  which  enlarge  on  burning  and  disfigure 
the  ware. 

The  clay  shops  are  on  a  level  with  the  other  floors  of 
the  factory,  the  additional  height  required  being  supplied 
above.  This  brings  the  main  power  shafts  on  a  level  with 
the  power  shafts  of  the  second  floors,  except  in  the  room 
above  the  slip  room,  and  reduces  the  amount  of  belting 
necessary,  while  it  insures  a  good  dry  floor  for  your  slip 
house.  The  elevated  floor  above  the  slip  house  is  used  for  a 
casting  room,  and  no  power  is  required,  except  for  pumping 
up  slip,  which  is  done  from  below. 

The  glaze  is  all  ground  in  ball  mills  and  pumped  across 
to  the  dipping  rooms. 

The  clay,  after  aging,  is  pugged,  and  goes  by  means  of 
a  belt  elevator  to  the  various  departments  above.  The 
work  shop  occupies  the  second  floor,  and  is  equipped  with 
oval  jollies,  etc.,  reducing  hand  labor  to  the  minimum.  The 
ware,  after  being  inspected,  goes  to  the  green  room  on  the 
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first  floor.  This  room  is  divided  into  four  sections;  heavy- 
flat,  thin-flat,  joUied-hoUow,  and  cast-hollow,  enabling  the 
placer  to  find  what  he  wants  without  any  trouble  or  delay. 

We  now  come  to  the  placing  of  the  green  Jware  for  the 
bisque  kilns.  Here  the  handling  of  saggers ^and  placing 
material  confronts  us.  It  is  customary  to  place  extrafsaggers 
about  the  kiln-shed  when  not  in  use,  but  to  this*  practice 
I  lay  much  of  our  dirty  ware.  It  is  certain  that  with  ajclean, 
light  place  for  the  saggers  when  not  in  use,  and^  where  the 
placer  may  fill  the  sagger,  a  much  neater?and^^more  satis- 
factory result  will  be  obtained  than  in  a  dirty ,*smoky  kiln- 
shed.  I  therefor  propose  a  25  foot  room,"between]theS|green 
wareroom  and  the  bisque  kiln-shed,  wher^  saggersjmay  be 
stored  and  filled. 

To  the  subject  of  kilns,  I  have  given?some  attention , 
and  while  I  have  not  been  able  to  convert  others]to  my  views , 
I  am  convinced  that  the  center  stack  down^draft  kiln  is 
the  ideal  for  white  ware,  as  well  as  for  tile.  I^lcan  not  see 
the  economy  or  necessity  of  retaining  the  old  up-draft  kiln. 
Any  one  who  has  studied  the  workings  of  an  up-draft'  white 
ware  kiln,  knows  that  the  outside  ring  is  solid-flat  ware,  laid 
in  flint  or  sand,  while  the  center  of  the  kiln'consists  of  hol- 
low ware.  Between  this  and  the  center,  is  a  great  area 
that  is  too  soft  for  flat  ware,  and  too  hard  for  hollow  *ware. 
The  ware  taken  from  this  area  is  never  right.  Why|can  we 
not  use  a  center-stack  down-draft  kiln,  which  will*  give  uni- 
form results,  and  bum  only  such  ware  in  a  kiln^as  canjbe  all 
burned  at  the  same  temperature?  This  would  necessitate 
setting  an  entire  kiln  of  hollow,  for  every  two  kilns  of  flat, 
but  this  could  be  done,  as  it  would  mean  two;,kilns  of 
hollow  ware,  and  four  kilns  of  flat  ware  each  week,  in  a  12 
kiln  plant.  The  hollow  ware  could  be  burned  at*a  lower 
cone  than  the  solid-flat  ware,  and  this  would  produce  a  pro- 
duct uniform  in  color  and  hardness. 

The  bisque  ware  goes  by  a  gravity  conveyor  to  the 
bisque  warehouse.  Here,  I  would  use  power  to  assist  me  in 
removing  the  sand  or  flint  from  the  ware.  For  cleaning  all 
pieces  less  than  three  and  one-half  inches  in  diameter,  such 
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as  creams,  butter  slips,  and  small  heavy  sauce  dishes,  I  use 
a  hickory-lined  ball  mill  filled  with  sand.  The  ware  is  placed 
in  the  mill  and  sand  added  until  it  is  nearly  full.  The  mill 
is  run  until  the  dishes  are  clean.  The  large  round  ware 
is  cleaned  on  a  wheel.  The  irregular  shapes  are  cleaned  by 
hand.  As  soon  as  the  ware  is  cleaned,  it  is  dusted  and 
placed  in  tight  boxes  on  wheels,  in  which  it  goes  to  the 
dipping  room  adjoining.  As  the  ware  is  glazed,  it  is  placed 
in  a  dryer  with  doors  at  both  sides,  enabling  the  glost  kiln 
placer  to  reach  the  ware  without  entering  the  glazing  room. 
This  dryer  also  confines  the  heat  to  the  glazed  ware,  and 
makes  a  much  more  agreeable  dipping  room  than  we  gener- 
ally find.  Prom  the  glost  kiln,  which  is  also  a  center-stack 
down-draft,  the  ware  goes  to  the  cleaning  and  sorting  room, 
where  it  is  carefully  sorted,  and  such  ware  as  must  be  deco- 
rated, in  order  to  be  made  saleable,  is  taken  to  the  decorat- 
ing warehouse,  while  the  first  and  second-class  ware  goes  to 
the  glost  warehouse.  Ware  should  not  be  decorated  until 
ordered,  and  then  go  directly  from  the  decorating  kilns  to 
the  packing  department,  where  it  is  to  be  wrapped  and 
packed. 

Crates  and  casks  for  shipping  ware  will  be  made  on  the 
premises,  and  brought  by  gravity  conveyor  directly  into  the 
packing  room.  Straw  for  packing  will  be  handled  by  the 
same  method,  hence  no  quantity  of  packing  material  need 
accumulate  in  the  packing  rooms  where  it  might  cause  a 
disastrous  fire. 

Coal  for  my  kilns  will  be  run  on  an  elevated  switch, 
and  bottom  dump  cars  being  used,  no  expense  will  be  in- 
curred in  unloading.  The  coal  will  be  distributed  about 
the  kilns  by  means  of  cars  running  on  overhead  tracks  and 
so  arranged  that  the  loaded  car  carries  the  empty  car  back. 

The  sagger  shop  is  so  located  that  the  carry  to  the 
bisque  kilns  is  the  shortest  possible. 

It  has  been  suggested  that  my  ware  houses  are  small, 
but  actual  experience  has  proven  that  they  are  ample  to 
carry  a  ^160,000.00  stock,  and  I  consider  that  any  concern 
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which  accumulates  more  thau  that  amount  of  stock  must 
have  some  cause  for  being  unable  to  dispose  of  their 
product,  and  should  suspend  operation  until  their  stock  is 
reduced  or  the  cause  of  unsalability  overcome. 

In  closing,  I  desire  to  remind  you  that  these  are  simply 
suggestions,  and  while  they  have  proven  practical  wherever 
I  have  seen  them  used,  they  are  open  to  criticism  and 
would  doubtless  require  changing  to  suit  the  location  and 
existing  conditions.  For  a  level  site  and  unlimited  space, 
however,  I  feel  that  I  can  assure  you  that  a  plant  of  this 
description  and  plan  would  enable  the  owner  to  produce 
ware  at  a  much  lower  cost  and  of  a  better  quality  than  much 
that  is  produced  today. 


IMPROVEMENTS  IN  APPARATUS  FOR  CXAY 

ANALYSIS* 

BY 

Edwabd  S,  Baboock,  M.  Sg.  and  Chables  F.  Binns,  M.  So., 

AIjFBed,  N.  Y. 

Samples  of  clay  being  sent  in  large  numbers  to  the  New 
York  State  School  at  Alfred,  for  analysis,  it  has  become  nec- 
essary to  devise  special  apparatus  to  facilitate  the  work. 

For  the  preliminary  fusion  with  alkaline  carbonates,  the 
blast  lamp  presents  many  disadvantages.  If  worked  by  foot 
power  it  is  irregular  and  exacting,  with  the  frequent  result 
of  imperfect  decomposition,  while  a  power  blower  is  not 
always  available. 

The  following  is  a  description  of  a  simple,  satisfactory 
piece  of  apparatus: 

A  covered  box  of  sheet  iron  is  prepared,  measuring  ten 
inches  long  by  eight  inches  wide  and  eight  inches  high. 
Three  apertures  are  cut,  two  in  the  top  measuring  two  inches 
and  five  inches  in  diameter  respectively,  and  one,  two  inches 
in  diameter,  in  the  end  farther  from  the  larger  aperture. 
All  three  openings  are  circular. 

The  box  is  filled  with  plastic  sagger  clay  well  mixed 
with  grog.  The  clay  is  then  excavated  horizontally  from  the 
lower  hole  and  vertically  from  the  two  upper  holes  in  such  a 
manner  as  to  form  a  tunnel  which  returns  upon  itself  as 
shown  in  figure  1. 

A  thin  vessel  of  fire-clay  is  made  and  burned.  The 
shape  is  that  of  a  thimble  with  a  broad  flange.  This  is 
dropped  into  the  upper  opening  and  should  hang  freely  with 
a  space  of  about  one-fourth  inch  all  round.  This  is  shown 
in  position  for  use  in  figure  1. 

A  Bunsen  burner  is  placed  opposite  the  lower  hole  and 
a  length  of  stove  pipe  over  the  small  upper  one.  For  a 
burner,  the  bunsen  of  a  Welsbach  light  answers  well,  but  the 
orifice  should  be  enlarged  to  ^  inch. 
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The  platinum  crncible  with  the  alkaline  mix  is  set  in 
the  clay  thimble  and  will  need  no  attention  after  the  lighting 
of  the  gas  until  a  perfect  fusion  has  been  secured.  Inspec- 
tion is  easy  by  reason  of  the  wide  opening  above. 

Bveryone  who  has  used  platinum  is  aware  of  the  trouble 
caused  by  reduction.  Particles  of  metal  from  surrounding 
objects,  metallic  dnst  horn  the  blower  and  lamp  cling  to  the 
platinum  and  are  assimilated,  to  the  speedy  destruction  of 
the  ware.  All  this  is  avoided  in  the  apparatus  described, 
and  it  is  every  bit  home-made. 

A  second  furnace  has  also  been  constructed  for  the  sub- 
sidiary operation  of  allcali  determination.  Two  points  in 
this  work  are  always  giving  trouble  to  the  analyst,  first,  vol- 
atilization and  second,  imperfect  decomposition. 

The  method  employed  is  that  involving  the  breaking 
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down  of  a  clay  by  ignition  with  calcinm  carbonate,  known  as 
the  J.  Lawrence  Smith  method.  A  special  platinum  capsnle 
was  procnred,  measuring  8  centimetres  long  and  1^  centi- 
metres wide  at  the  top  and  1}4  centimetres  wide  at  the  bot- 
tom. Thia  is  fitted  with  a  cover.  The  furnace  is  similar  to 
that  previously  described  except,  that  in  place  of  the  large 
opening  at  the  top,  there  is  a  small  one  in  the  side  below. 
See  figure  2. 


In  this  hole  a  fire-clay  tnbe  ia  inserted,  and  in  the  tube  the 
platinum  capsule  with  the  calcium  mix  is  set.  A  long  period 
of  ignition  can  be  employed.  The  covet  of  the  capsule  pre. 
vents  volatilization,  and  owing  to  the  length  of  the  platinum 
vessel,  the  upper  end  keeps  cool  enough  to  condense  any 
vapors  without  loss. 


) 


BACTERIA  IN  CLAY  NOXTURES. 

BY 

Edward  C.  Stoveb,  Trenton,  N.  J. 

For  the  purpose  of  testing  bacterial  inoculation,  on  Dec. 
16,  a  short  vitreous  body  was  mixed,  having  the  following 
composition: 

o!m  So  i  ^'^  ^^  {  "^'^  s*^ 

which  figures  out  as  follows: 

Clay,  1200, 
Flint,  120O, 
Spar,  400, 
Whiting,  28. 

The  quantity  put  up  was  divided  into  two  equal  parts,  one 

■ 

of  which  was  mixed  with  bacteria-laden  water,  the  other 
with  fresh  pure  water,  and  both  set  aside  for  one  month 
until  Jan.  16,  when  both  batches  were  given  to  a  presser 
with  instructions  to  make  a  small  baker  of  each. 

The  two  batches  differed  much  in  appearance,  the 
pure  one  remaining  light  in  color,  while  the  inoculated  batch 
had  become  quite  dark.  The  latter  was  tough  and  plastic 
and  worked  without  difficulty,  while  the  former  was  so  short 
it  was  almost  impossible  to  work  it.  We  could  hardly 
make  the  presser  believe  they  were  both  of  the  same  mix- 
ture. He  declared  that  the  dark  colored  tough  batch  was 
either  a  different  mixture  altogether,  or  had  something  put 
into  it  to  make  it  work  better. 

This  mixture  was  purposely  made  without  the  use  of 
any  ball  clay  to  assure  its  being  a  short  body.  Both  sam- 
ples were  fired  at  cone  13,  and  a  glance  at  them  will  show 
clearly  which  is  which,  the  one  made  of  the  inoculated 
mixture  showing  a  comparatively  smooth  surface,  while  the 
other  is  full  of  small  rends  or  tears  common  to  very  short 
bodies. 

Both  of  these  bakers  were  made  from  the  same  mould 
and  a  slight  variation  in  shrinkage  is  to  be  noted,  the  inoc- 
ulated mixture  showing  the  greatest  shrinkage,  which  seems 

Si8 
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to  prove  the  theory  of  a  closer  union  of  the  minute  particles 
in  the  inoculated  mixture  than  in  the  one  not  inoculated. 
Potters  who  are  manufacturing  porcelain,  bone  china 
and  other  bodies  of  a  short  non-plastic  nature,  could  prob- 
ably make  some  experiments  along  this  line  to  their 
advantage. 

DISCUSSION. 

Professor  Edward  Orion  Jr. :  I  will  ask  Mr.  Stover  how 
he  prepared  the  fresh,  pure  water,  and  how  he  knows  it 
was  free  from  bacteria? 

Mr.  Stover:  I  took  ordinary  hydrant  water,  assum- 
ing that  is  as  pure  as  we  could  get  around  any  pottery. 
The  foul  water  was  made  from  a  batch  of  clay,  which  had 
been  standing  for  about  three  months,and  was  very  offensive. 
The  water  used  for  inoculation  was  a  decantation  of  that 
mixture.  It  was  very  black  and  very  offensive  when  stirred 
up.  I  could  guarantee  the  impurity  of  that,  rather  than  the 
purity  of  the  other.  In  some  districts  the  mixtures  of  clay 
are  made  nine  months  or  a  year  before  making  up  into 
ware.  The  clay  becomes  quite  dark  and  offensive;  and  my 
theory  is  that  it  is  a  bacterial  growth  which  produces  this 
condition. 

Professor  Orion :  Is  there  anything  put  into  the  bodies 
for  bacterial  food? 

Mr  Stover:    Nothing,  whatever. 

Professor  Orion:  What  would  you  think  of  putting  in  a 
small  quantity  of  starch  paste  or  sugar  waste  or  something 
of  that  sort,  which  would  act  as  a  ferment,  thus  affording 
food  foi  the  bacteria? 

Mr.  Stover:  I  think  it  is  a  good  suggestion.  The  thing 
to  do  is  to  find  out  the  bacteria  which  are  doing  the  work  and 
then  regularly  cultivate  them  in  our  mixtures. 

Professor  Orion:  It  seems  to  me  probable  that  the  bac- 
terial form  which  is  producing  this  fermentation  and  decay 
is  an  exceedingly  common  form,  the  presence  of  which  we 
could  hardly  avoid.  It  does  not  seem  to  me  so  important  to 
enter  into  an  elaborate  microscopic  study  of  the  exact 
species.     It  seems  more  important  to  furnish  a  proper  me- 
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dium  in  which  they  can  work,  A  half  or  quarter  per  cent, 
of  decomposible  organic  matter,  would  make  an  enormous 
difference  in  the  rapidity  with  which  they  breed.  Ordinary 
clay  does  not  contain  very  much  food  for  bacteria. 

Mr.  Stover:  I  think  the  suggestion  is  a  good  one,  and 
I  will  experiment  along  that  line.  My  object  is  to  reach 
quickly  the  same  result  now  obtained  by  aging  clay.  Potters 
generally  realize  that  clay  put  in  a  cellar  and  left  awhile,  is 
tougher  than  when  fresh  from  the  bank.  Why  take  two  or 
three  months  for  this  result,  if  it  can  be  reached  in  three 
weeks?  I  will  go  on  along  the  line  suggested,  and  get  fur- 
ther results  if  possible.  It  has  been  shown  by  others  that 
bacteria  flourish  best  at  one  hundred  degrees  Fahrenheit  or 
about  that  point. 

Mr.  R.  C.  Pufdy :  Is  bacterial  growth  accelerated  in  a 
room  lined  with  oak,  rather  than  in  a  cellar  lined  with 
cement? 

Mr.  Stover:  I  cannot  say.  I  have  not  been  lining  any 
rooms  for  the  purpose.  I  have  been  told  that  in  the  manu- 
facture of  certain  cheeses,  which  our  German  friends  are 
very  fond  of,  they  must  be  aged  in  certain  places  to  get  the 
right  result,  probably  for  the  proper  cultivation  of  the 
bacteria. 

Professor  C.  W.  Parfnelee:  Professor  Orton  suggests 
the  advantage  of  continuing  these  experiments  along  the 
line  of  inoculation  rather  than  pure  culture.  Pure  culture 
might  have  the  advantage  of  dispensing  with  the  offensive 
odor  Mr.  Stover  speaks  of. 

Professor  Orton:  Mr.  Stover's  paper  last  year  contained 
a  reference  to  certain  bacilli  from  one  of  these  cultures,  and 
if  I  recollect  correctly  he  gave  it  as  Bacillus  Sulphureum. 
It  seemed  to  be  one  which  would  be  apt  to  be  found  in  de- 
composing clay  mixtures  particularly.  They  contain  more 
or  less  pyrites,  or  other  sulphur-bearing  ingredients,  and 
these  are  broken  down  by  the  bacteria  and  sent  out  as  HsS, 
which  generates  a  noisome  smell.  It  seems  to  me  we  can- 
not expect  to  accomplish  the  work  without  smell. 

Mr.  Thomas  Gray:    I  will  ask  Mr.  Stover  if  he  made  up 
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any  large  amount  of  these  clays  (referring  to  samples  ac- 
companying Mr.  Stover's  note),  to  know  which  one  had  the 
most  loss. 

Mr.  Stover:    No;  only  these  two  samples. 

Mr.  Gray:  One,  I  notice,  shrunk  in  width,  and  they 
are  about  the  same  length. 

Mr.  Stover:  If  broken  and  placed  under  the  microscope, 
I  think  the  one  inoculated  will  show  somewhat  tighter, 
closer  structure  than  the  other. 

Mr.  Gray:  We  had  some  clay  which  had  been  mixed 
for  six  months,  and  the  man  who  worked  on  it  said  he  never 
had  such  tough  clay  and  could  handle  it  much  better  than 
the  freshly  mixed  clay.  I  never  noticed  anything  disagree- 
able about  it  myself,  and  did  not  hear  him  complain.  In 
handling  it,  the  clay  which  had  aged  for  six  months  was 
very  free  from  cracking. 

Mr.  Stover:  That  seems  to  be  along  the  line  of  experi- 
ence of  others. 


NOTE  ON  THE  FLUXING  POWER  OF  MICA.* 

Discussion  by  Pbofbssob  Heinbich  Ribs,  PhD.T 

Ithica,  N.  Y. 

Mr.  Stall's  paper  on  the  fluxing  effect  of  mica  in  ceramic 
bodies  is  one  that  I  am  sure  interests  all  of  us.     Mr.  StuU 
comments  on  the  possible  reason  for  muscovite  being  the 
common  mica  in  white  cla^  as  due  to  the  fact  that  it  closely 
resembles  feldspar  in  its  chemical  composition.     If  we  in- 
clude sedimentary  clays  in  this  state,  it  would  seetn  to  me 
that  the  absence  of  the  other  micas,  especially  the  iroti 
bearing  ones,  |bight  be  because  they  are  so  easily  decom- 
posed when  th|  clay  is  attacked  by  the  weather,  and  therefore  > 
in  the  case  of  sedimexifary  deposits  it  is  the  more  resistant , 
minerals  that  are  leftf  In  the  case  of  residual  clays  his^ 
explanation  may  be  tnie. 

Mr.  StttU's  results  certainly  bring  out  very  prettily  the 
effect  of  fineness  on  the  fluxing  power  of  different  ingredients. 
The  larger  grains  of  mica  such  as  are  visible  to  the  naked 
eye  in  many  clays  may  seem  to  resist  union  with  the  other 
ingredients  of  the  clay  up  to  a  moderately  high  temperature. 
I  happen  to  have  on  my  desk  at  present  a  whitish  clay  from 
New  Jersey,  which  contains  a  large  percentage  of  white  . 
mica  particles,  any  of  which  would  however  pass  througli  a 
100  mesh  sieve.  After  heating  a  bricklet  of  this  clay  up  to 
cone  8,  many  of  the  scales  were  still  easily  seen  in  the 
middle  of  the  bricklet,  although  they  have  lost  some  of  their 
lustre.  At  cone  10,  those  in  the  interior  of  the  bricklet  had 
nearly  all  disappeared*  although  they  were  still  visible  on 
the  outside  of  the  bricklet. 

The  effect  of  the  size  of  the  grain  on  the  fusibility  of  the 
clay  is  a  point  which  has  always  interested  me  considerably, 
and  I  have  recently  begun  some  experiments  with  different 
common  minerals  such  as  are  apt  to  occur  in  clay,  in  order 
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to  satisfy  myself  on  this  point,  and  to  find  out  what  fluxing 
influence  the  different  minerals  exert.  The  common  sup- 
position has  been  that  the  smaller  the  fluxing  grains,  the 
easier  the  fusibility  of  the  clay,  although  in  the  case  of  fire 
clays,  Prof.  H.  O.  Hofman  considers  that  this  is  not  the  case. 

As  a  first  step  I  made  up  some  mixtures  of  kaolin  with 
hornblende  and  kaolin  with  calcite. 

One  series  contained  by  weight  as  follows : 

A.  Kaolin  25  parts,  calcite  25  parts,  the  latter  passing 
through  150  mesh. 

B.  Same  mixture,  the  calcite  passing  through  100 
mesh,  but  resting  on  150  mesh. 

C.  Same  as  before,  but  calcite  smaller  than  80,  and 
larger  than  100  mesh. 

The  object  of  taking  such  a  large  quantity  of  flux  was 
to  hav^  the  material  melt  at  a  temperature  below  cone  10  if 
possible. 

A  similar  series  of  kaolin  and  hornblende  was  mixed  up, 
and  these  can  be  designated  as  A^  B'  and  C 

The  results  were  not  unexpected. 

At  cone  10,  A  had  fused,  but  not  run,  B  was  softening, 
while  C  was  unaffected. 

In  the  case  of  the  second  series  similar  results  were 
obtained  at  cone  6. 

This  is  simply  a  preliminary  note,  and  I  hope  to  present 
some  detailed  results  to  the  society  at  the  next  meeting, 
after  I  have  carried  out  the  experiments  with  a  number  of 
minerals  as  well  as  mixtures. 


A  GRAPHIC  BIETHOD  OF  SHOWING  LOSS  OF  WATER 
IN  CLAY  BURNING. 


WlLUAK  H.    QOBSLIIfK,    BOCHEBTEB   N.    Y. 

la  common  with  others,  we  have  experienced  the  dis- 
asters atteading  the  too  rapid  firing  of  our  ware  when  green, 
or  betore  the  water-smoking  process  is  completed.  The 
idea  which  led  to  the  adoption  of  the  apparatas  employed 
came  from  the  sugtrestion  of  a  friend.  To  describe  it  woaM 
be  to  compare  it  to  the  beam  of  a  chemical  balance  (see  cut.) 
B 
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Bat  one  knife  edge  (b)  is  used.  This  passes  through  the 
beam  (a)  near  the  center  of  gravety  and  extends  through 
each  side.  On  each  side  of  the  beam  are  blocks  (c)  which 
rest  on  the  base  on  the  top  of  the  kiln.  On  the  top  of  these 
blocks  are  iron  plates  to  receive  the  knife  edges.  The  beam 
is  thus  allowed  to.  act  freely  and  responds  to  very  slight 
differences  in  weight.  Suspended  at  one  end,  on  a  line  with 
the  knife-edge,  is  a  wire  which  passes  through  a  hole  in  a 
kiln  cover.  Prom  this  wire  is  hung  a  trial  piece  (d)  near 
the  floor  of  the  kiln.  This  trial  piece  is  of  the  same  thick- 
ness and  degree  of  dryness  as  the  ware  which  predominates 
in  the  kiln.  Prom  a  point  on  the  same  line  at  the  other  end 
of  the  beam  is  hung  a  counter-weight  (e)  which  is  sufficient 
to  bring  the  beam  into  equilibrium  before  the  firing  begins. 

The  beam  is  braced  at  top  and  two  sides  by  small  cables 
and  turnbuckles.  It  is  made  of  very  dry  clear  pine  instead 
of  metal.  Por  a  knife  edge,  I  used  an  old  file  ground  down 
to  a  sharp  edge.  The  foregoing  is  a  brief  description  of  the 
apparatus  used.  I  have  added  to  it  other  improvements 
which  it  would  be  difficult  to  describe  in  this  note,  but  which 
would  suggest  themselves  to  any  one  familiar  with  such 
work. 

As  the  firing  begins  and  the  water-smoking  progresses, 
the  mechanical  water  is  expelled  from  the  ware,  thus 
making  the  latter  lighter  and  causing  the  end  of  the  beam 
from  which  it  is  hung  to  rise.  Observations  are  made  at 
intervals,  when  enough  weights  are  added  to  a  receptical  (f) 
at  the  end  of  the  beam  just  above  the  kiln  cover,  to  restore  it 
to  balance. 

As  is  quite  clear,  the  total  weights  added  at  any  time 
equal  the  total  weight  of  the  water  expelled.  Although  the 
results  ultimately  possible  have  not  yet  been  secured  from 
these  experiments,  the  point  at  which  the  mechanical  water 
has  left  and  the  chemical  water  begins  to  be  expelled,  is 
roughly  indicated.  The  time  during  which  the  chemical 
water  is  being  expelled  is  unmistakable,  on  account  of  the 
pronounced  loss  of  weight  indicated  by  the  apparatus. 

In  the  firing  of  sewer  pipe,  we  consider  this  stage  of  the 
burning  one  of  the  most  critical.     In  fact,  as  regards  the 
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water*  it  is  the  most  critical.  It  is  not  common  to  bear  from 
those  burning  finer  wares,  the  complaint  that  when  the  fire 
is  increased  before  the  ware  is  sufficiently  dry,  the  ware  is 
injured  or  mined  by  the  too  rapid  expulsion  of  the  water. 
It  may  be  possible  therefore  to  adapt  the  principle  described 
above  to  the  burning  of  fine  ware,  so  that  the  behavior  of 
the  beam  may  regulate  the  first  part  of  the  burning. 

In  one  experiment,  extending  from  the  begining  of  a  fir- 
ing which  occured  on  a  Thursday  at  6  P.  M.  until  the  kiln 
was  entirely  clear  on  the  following  Monday  at  2:15  P.  M., 
the  entire  loss  of  water  in  a  dry  five-inch  pipe  amounted  to 
1330  grammes.  During  the  first  68  hours,  which  was  up  to 
the  beginning  of  redness,  there  was  a  loss  of  681  grammes; 
during  the  next  24  hours,  a  loss  of  649  grammes,  when  the 
kiln  was  clear.  It  is  thus  shown  that  during  the  first  period 
the  average  loss  was  a  little  over  10  grammes  per  hour, 
during  the  second  period  27  grammes  per  hour.  The  differ- 
ence in  favor  of  the  latter,  indicates  that  the  chemical  water 
was  being  expelled  during  that  period.  Plate  I  shows  the^ 
curve  descrilped  by  such  a  burn.  In  another,  during  60 
hours,  the  loss  was  430.  In  the  first  43  hours  to  redness, 
loss  223,  in  next  17  hours  to  beginning  of  clearness,  loss  205. 

In  our  regular  burning,  we  use  cones  one,  two,  three 
and  four,  but  number  one  does  not  go  down  until  the  last 
day,  and,  on  account  of  lack  of  time,  in  none  of  these  experi- 
ments have  I  taken  the  temperatures.  Nor  have  we  been 
able,  so  far,  to  continue  the  observations  beyond  clearness 
because  after  that  the  wires  that  we  used  would  not  with- 
stand the  high  temperature.  It  would  be  possible,  however, 
to  continue  this  measuring  of  the  water  expelled,  until  the 
beam  remained  constant,  although  that  might  not  be  reached 
until  the  kiln  came  off. 

The  total  loss  indicated  is  not  actually  all  water,  as 
other  losses  cccur,  viz.  SOs,  CO3  etc;  but  these  are  not  so 
important  as  regards  weight. 

In  chart  ,No.  2,  the  curve  is  interesting  for  several 
reasons.  The  burners  are  changed  at  6  P.  M.  and  7  A.  M. 
This  curve  shows  a  marked  loss  beginning  soon  after  the 
changing  of  burners  one  evening.     Of  course,  it  is  somewhat 
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due  to  the  progress  oi  the  firing,  but  we  are  confident  that  it 
indicated  some  carelessness  on  the  part  of  the  burner.  The 
irregularity  of  the  curves  is,  of  course,  due  to  the  factory 
conditions,  which  are  not  as  even  and  regular  as  though  the 
burning  were  conducted  in  a  laboratory. 

We  think  this  apparatus  will  help  us  somewhat  in  per- 
fecting the  conditions  in  our  own  factory  in  regard  to  this 
one  point. 

Discussion  bt  Pbof.  Edwabd  Oeton,  Jb. 

Mr.  Gorsline's  apparatus  is  an  exceedingly  simple,  but 
exceedingly  effective  method  of  showing  to  burners  and 
others  responsible  for  the  burning  ot  claywares,  that  the  loss 
of  water  and  other  volatile  substances  in  clays,  is  not  the 
simple  process  that  it  is  popularly  supposed  to  be.  It  is  but 
a  little  time  since  the  first  printed  statements  appeared  in 
the  clay-trade  literature  of  this  country,  calling  attention  to 
the  fact  that  it  requires  a  red  heat  to  dehydrate  a  clay,  and 
even  now,  this  statement  is  met  with  open  incredulity  among 
a  large  class  of  so-called  practical  men.  Mr.  Gorsline  has 
given  them  the  easiest  and  simplest  manner  of  proving  this 
point,  and  while  as  he  says,  all  the  loss  may  not  be  water, 
it  at  least  will  convince  the  most  skeptical  that  something  is 
burned  out  of  a  clay  at  red  heat,  which  can  not  be  driven  out 
before. 

As  a  practical  tool,  for  the  regular  control  of  burning 
operations  in  large  plants,  I  hardly  think  this  process  will 
become  important  or  widely  adopted.  It  is  too  cumbersome. 
It  would  be  too  much  apparatus  to  move,  set  up,  put  in 
adjustment,  and  observe,  in  a  plant  where  from  one  to  five 
kilns  are  being  started  daily.  For  one  kiln  at  a  time,  it 
would  be  less  troublesome. 

It  would  seem  that  other  and  easier  ways  could  be  reach- 
ed of  getting  the  same  result.  For  instant  it  would  be  just 
as  accurate  to  put  into  each  kiln,  a  number  of  pieces  of  dry 
ware,  all  accurately  brought  to  a  standard  weight  be- 
fore setting  in  the  klin.  If  pressed  in  the  same  metal  die, 
they  would  vary  but  a  trifle  in  any  case,  and  they  could  be 
whittled  with  a  knife  in  a  moment,  to  bring  them  down  so 
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that  they  would  balance  a  standard  weight  on  a  drug  scale 
or  torsion  balance. 

These  pieces,  drawn  out  at  intervals  of  a  few  hours  after 
redness  has  been  reached,  would  clearly  show  whether  the 
clay  had  reached  a  uniform  weight  or  not.  This  method 
would  require  nothing  but  the  clay  trial  pieces,  and  a  small 
scale  or  balance,  [t  would  not  give  anything  like  a  progres- 
sive curve,  from  which  the  rates  of  loss  at  different  stages 
could  be  determined,  but  it  would  give  the  final  answer  as 
to  when  the  ware  was  ready  to  be  carried  on  up  to  vitri- 
fication. 

Regarding    the    value    of    the    data    shown    by    Mr. 

Gorsline's  curves,  I  would  say  that  I  think  that  the  chief 
advantage  is  the  education  which  the  man  gets  who  pro- 
ceeds to  do  what  Mr.  Gorsline  has  done.  It  pays — tremen- 
dously— to  prosecute  such  an  investigation.  It  may  help 
others  incidentally,  but  it  is  absolutely  certain  to  greatly 
help  the  man  who  plans  the  work  and  carries  it  out.  No 
one  can  adequately  understand  or  realize  these  fundamental 
chemical  facts  about  clay  burning,  without  doing  some  such 
work  for  himself. 

When  it  comes  to  making  exact  scientific  deductions,  or 
even  to  making  charges  of  inadequate  attention  to  the  firing 
by  the  burners,  it  will  require  that  these  curves  be  most 
carefully  made  and  studied  for  a  series  of  burns,  before  such 
a  course  would  be  safe.  For  instance,  in  plate  II,  where  Mr. 
Gorsline  thinks  he  sees  evidence  of  one  of  the  burners  being 
careless,  it  seems  to  me  that  the  evidence  is  not  clear  or  de- 
cisive. 

Studying  the  original  curve  furnished  by  Mr.  Gorsline, 

the  following  losses  of  weight  pei:  shift,  and  rate  in  grams 
per  hour  are  calculated  in  the  following  table  : 


Night  Burner 
Day  Burner 
Night  Burner 
Day  Burner 
Night   Burner 


Shift 


l8t 

2nd 
drd 
4th 
5th 


Hoars 


18 

n 

18 

11 

13 


Gntms  Weight 


100 
66 
86 

167 


Sate  In  Grains 
per  hour 


1.7 
9.0 
5.0 
8.0 
12.0 


LOSS  OF  WATEB  IN  CLAY  BUKNINQ.  871 

It  is  not  fair  to  assume  that  the  night  burner  was  less 
efficient  than  the  day  man,  because  he  succeeded  in  expel- 
ling only  1.7  and  5.0  grams  per  hour  for  his  first  two  shifts, 
or  that  he  was  more  efficient,  because  he  expelled  12.0  grams 
per  hour  on  his  third  shift,  while  the  day  burner  expelled 
about  an  equal  quantity,  9  and  8  respectively  on  his  first  and 
second  shift. 

The  facts  are,  that  no  one  could  have  expelled  much 
water  the  first  shift,  without  '^popping"  the  pipes.  The 
second  shift  brought  the  kiln  up  to  a  point  when  probably 
the  great  bulk  of  the  free  moisture  was  expelled.  By  the 
third  shift,  the  kiln  was  nearly  dry,  only  a  little  moisture 
coming  off.  This  is  shown  by  the  fact  that  the  loss  was  only 
6  grams  per  hour  for  13  hours  as  against  9  grams  per  hour 
for  11  hours,  on  the  shift  before. 

By  the  begining  of  the  fourth  shift,  the  water  again  be- 
gan to  come.  This  time  it  was  the  chemical  water,  which 
began  at  the  top  of  the  kiln  first,  and  gradually  increased  as 
the  red  heat  crept  downward.  By  the  begining  of  the  6th 
shift,  the  losses  of  combined  water  were  becoming  general 
and  the  rate  kept  up  until  the  end  of  the  test.  Unfortunate- 
ly, the  record  could  not  be  carried  up  to  the  point  where  the 
losses  cease,  though  that  point  is  undoubtly  near  at  hand 
at  clear  red  heat,  and  the  last  observations  showed  the 
curve  beginning  to  start  upwards  rapidly. 

If  this  kiln  had  been  lit  at  6  a.  m.  instead  of  6  p.  m.,  it 
is  likely  that  the  work  accomplished  by  the  individual  burn- 
ers would  have  just  been  reversed.  Of  course,  any  wide  de- 
parture from  the  proper  treatment  would  show  in  the  curves, 
and  would  enable  the  superintendent  to  get  after  the  delin- 
quent burner,  but  conclusions  of  this  sort  could  only  be 
drawn  after  a  very  close  study  of  a  number  of  curves,  and 
with  a  full  understanding  of  the  chemical  events  taking 
place  in  the  kiln. 

Certainly,  the  water  losses  can  not  become  as  accurate 
a  guide  to  the  real  progress  of  the  burn  or  the  faithfulness  and 
diligence  of  the  burner,  as  the  gain  in  temperature.  In  in- 
terpreting the  water-loss  curve,  we  must  make  allowances 
for  too  many  things,  while  a  time-temperature  curve,   as 
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plotted  from  the  autographic  Chatelier  p3rrometeT  is  not  A 

subject  to  any  such  doubt,  and  may  safely  be  accepted  as  an 
evidence  of  what  has  actually  taken  place.  However,  this 
instrument  is  costly,  and  available  to  but  feW|  and  hence 
does  relatively  little  good.  There  are  pyrometers  of  various 
other  types,  which  may  be  used  at  much  less  cost. 

As  the  next  best  thing,  to  attain  an  idea  of  what  is  go* 
ing  on  in  a  kiln  of  claywares  under  fire,  I  know  of  no  device 
which  is  so  easily  within  the  reach  of  everyone,  and  which 
will  serve  to  tell  so  much,  as  Mr.  Gorsline's  balance. 


A 


MECHANICAL  WORK  IN  THE  CERAMIC  INDUSTRY. 

ADDRESS  BY 
THB  RBTIBINO  PbESIDBNT,  EbNBST  MATBB, 

Bbavbb  FAiiiiS,  Pa. 

A  year  ago  at  the  Cleveland  meeting  of  this  society,  yoa 
elected  me  presideht.  At  that  time,  I  was  unable  to  be  pres- 
ent on  account  of  sickness,  and  I  now  take  this  my  first  op- 
portunity of  thanking  you  for  the  honor  you  conferred 
upon  me. 

The  American  Ceramic  Society  is  now  five  years  old. 
During  this  short  period  its  growth  and  itf:  strength  have 
amazed  those  who  were  its  founders.  Its  name  is  known 
over  this  country  in  circles  that  we  scarcely  hoped  to  reach, 
and  the  constant  correspondence  from  abroad,  shows  that 
even  in  those  distant  points,  our  work  is  eagerly  sought  and 
its  value  recognized. 

But,  this  publicity  and  prominence  brings  with  it  obli- 
gations which  we  cannot  afford  to  lightly  set  aside.  We 
have  made  a  good  beginning,  and  because  of  that  and  by 
means  of  that,  we  must  keep  up  our  work  to  the  highest 
possible  standard. 

I  want  to  make  a  few  suggestions  today,  in  a  line  where 
our  work  seems  weak. 

The  fact  impresses  me  daily  that  we  are  sadly  behind 
other  industries  in  our  own  country.  Mind,  I  don't  say 
other  countries,  because  if  we  must  look  to  other  countries 
to  get  aid  in  the  lines  I  am  going  to  suggest  to  you,  we  may 
rest  assured  it  will  never  come. 

Our  society  work  embraces  the  whole  field  of  the 
ceramic  industry,  and  does  not,  as  some  people  think,  re- 
fer strictly  to  the  work  of  the  ceramic  chemist  alone.  In 
meetings  held  previously,  two  of  my  papers  have  referred 
strictly  to  the  commercial  side  of  our  work,  and  I  want 
to  make  a  strong  plea  at  this  meeting,  to  see  if  some  enthusi- 
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asm  cannot  be  raised  looking  towards  bringing  the  mechan-  ^ 

ical  side  of  onr  work  into  our  meetings,  to  help  ns  out  of 
some  of  onr  difficnlties. 

Ontside  of  a  few  minor  contrivances,  there  has  been 
practically  no  evolution  in  machinery  as  applied  to  pottery. 
Nearly  every  line  of  manufacture  in  our  country  is  now  seek- 
ing foreign  markets,  and  as  we  well  know,  are  finding  them. 
We  all  know  that  higher  wages  are  paid  in  the  United  States 
than  any  other  nation,  yet  American  manufactured  articles 
are  making  great  inroads  into  the  markets  of  the  world,  and 
the  reason  is  simply  the  application  of  machinery  and  system 
in  our  manufacture. 

One  great  difficulty  that  has  always  confronted  the  me- 
chanic, who  has  brought  out  new  machinery  for  the  more 
economical  manufacture  of  pottery  ware,  is  this:  The  re- 
quirements of  a  machine  are  not  clearly  understood  by  him, 
and  when  any  decided  advances  are  made,  it  must  be  done 
by  the  really  practical  potter  and  the  machinist,  working 
hand  in  hand.  Most  of  the  attempts  that  I  have  seen  made 
so  far,  have  been  where  the  potter  has  designed  a  machine 
which  has  failed  mechanically,  or  on  the  other  hand,  where 
a  mechanic  has  designed  a  machine,  and  it  has  not  fulfilled 
the  technical  requirements  of  the  potter. 

I  have  long  been  working  on  several  ideas  for  more  eco- 
nomical production  of  white  ware,  but  so  far  have  yet  some 
important  details  to  be  worked  out.  But  in  order  that  my 
meaning  may  not  be  misunderstood,  I  wish  to  name  a  few 
processes  that  would  make  vast  differences  in  the  cost  of 
production,  if  they  would  be  brought  under  mechanical 
control. 

Most  prominently,  I  would  speak  of  the  process  known 
to  us  as  •^jollying".  I  am  very  positive  that  every  plate,  cup, 
saucer,  in  fact  everything  round,  could  be  made  automatically, 
where  one  boy  could  do  more  than  twice  as  much  as  two 
boys  and  one  man  do  now.  If  I  am  not  very  much  mistaken, 
such  machines  will  be  turning  out  a  very  superior  class  of 
work  to  what  is  now  made,  inside  of  two  years  at  the  outside.  ^ 

The  process  of  placing  ware  in  the  kilns  today,  is  one 
of  the  most  expensive  methods  that  could  be  devised,  and 
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while  there  is  not  so  much  chance  here  as  in  the  former  case 
for  the  mechanic,  still  a  very  great  deal  of  the  heavy,  and 
necessarily  expensive  work,  could  be  dispensed  with. 

The  process  of  dipping  can  be  made  purely  mechanical, 
and  while  this  statement  may  sound  extravagant  in  the  ears 
of  those  who  appreciate  the  value  of  a  good  dipper,  if  any 
one  present  is  interested  enough  to  take  the  matter  up  with 
me,  I  will  explain  exactly  what  I  mean. 

Printing  is  the  only  process  where  we  see  any  trace  of 
evolution,  and  the  roller  press  is  here  to  stay.  The  identic- 
ally same  machine  was  used  by  calico  printers  in  the  year 
1770;  so  you  see  it  has  taken  the  potters  about  133  years  not 
to  invent,  but  merely  to  attempt  the  use  of  it,  and  today  we 
can  only  print  in  one  color.  We  will  only  hope  it  will  not 
take  another  133  years  to  print  in  more  than  one  color. 

The  process  of  making  saggers  by  machinery,  is  steadily 
gaining  ground  in  Europe,  and  wherever  they  have  been 
used  have  given  great  satisfaction. 

Brushing  all  ware  in  biscuit  warehouses  ought  to  be 
done  by  machinery,  with  a  proper  exhaust  fan  to  take 
away  the  dust. 

The  principal  reason  that  I  claim  for  the  introduction 
of  all  kinds  of  machinery  in  our  business,  is  that  on  account 
of  the  phenomenal  increase  in  the  number  of  potteries  in 
the  past  few  years,  and  taking  into  consideration  also,  all 
the  potteries  now  building,  and  just  coming  into  operation, 
hands  must  be  found  to  make  the  ware.  Well,  we  all  know 
the  hands  will  be  forthcoming,  but  how  about  selling  the 
ware  this  kind  of  workman  makes?  On  account  of  the  enor- 
mous demand  for  all  classes  of  earthenware  in  the  past  few 
years,  the  demand  for  potters  has  been  far  beyond  the  sup- 
ply, and  the  result  has  been  most  discouraging  to  those  man- 
ufacturers who  in  the  past  have  prided  themselves  on  the 
quality  of  their  ware. 

The  logic  of  this  situation  is  clear.  We  need  potters, 
but  we  need  more,  the  introduction  of  labor-saving  appliances 
which  will  place  us  in  position  to  grow  in  spite  of  the  short- 
age of  trained  help. 
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Scarcely  anything  has  yet  been  written  by  any  of  our 
members  on  the  mechanical  side.  One  or  two  short  notes 
in  the  earlier  volumes  is  all  we  have.  I  hope  this  little  talk 
will  attract  the  attention  of  many  who  have  hitherto  kept 
their  mechanical  papers  in  the  background,  thinking  that 
our  work  was  not  of  this  sort.  In  my  opinion,  it  is  particu- 
larly needed,  both  to  strengthen  the  work  of  the  ceramic  in- 
dustry, and  to  fill  out  our  literature  to  cover  all  phases  of 
the  ceramic  field. 

Thanking  you  once  again,  for  the  honor  you  have  con- 
ferred upon  me.  I  now  invite  your  attention  to  the  business 
which  the  program  provides. 


•i 
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ON  THE  ROLE  PLAYED  BY  IRON  IN  THE  BURNING 

OFCXAYS. 

By  PBOFE860B  Edwabd  Obton,  Jr.,  E.  M. 

Columbus,  O. 

The  function  of  a  paper  before  a  society  like  oar  owti| 
is  two-fold.  On  the  one  hand,  it  is  to  set  forth  matters  of 
scientific  trath»  as  brought  out  by  investigations  in  the 
laboratory  or  in  practice.  This  is  its  largest  function.  On 
the  other  hand,  it  is  to  stimulate  others  to  study,  and  to 
investigate  and  make  known  their  findings,  by  placing  be- 
fore them  the  many  fields  which  remain  yet  untouched  by 
the  representatives  of  modern  science.  It  is  to  this  end  that 
this  paper  is  directed;  no  original  research  has  been  made 
to  explain  its  problems,  and  it  is  more  a  query  than  an 
affirmation.  It  simply  represents  the  personal  views  of  the 
writer  gathered  by  observation  in  factory  and  laboratory 
practice,  during  the  past  decade. 

The  presence  of  iron  in  all  clays  is  one  of  the  factors 
which  gives  clayworking  its  fascination,  for  to  this  element 
is  due  the  wonderful  capacity  for  variation  which  char- 
acterize clay  products  above  all  others.  It  is  a  source  of 
wonder  that  one  element  can  be  capable  of  producing  so 
vast  a  variety  of  effects.  The  more  one  studies  them,  the 
more    marvelous    do    they    become. 

When  we  come  to  analyze  the  situation,  we  soon  reach 
the  conclusion  that  this  variety  is  due  to  a  number  of  differ- 
ent thingSi  acting  in  combination.  Certainly  no  single 
variable  could  account  for  the  facts.  And  these  influences, 
so  far  as  known,  fall  naturally  into  two  classes. 

First.  Variations  in  the  composition  and  properties  of 
the  clay  as  regards  its  iron  content. 

Second.  The  treatment  of  the  clay  in  the  burning 
process. 

The  natural  quality  of  the  clay  itself  is  subject  to  con- 
trol or  modification  to  a  certain  extent,  by  the  clay-worker. 
The  more  valuable  products,  like  pottery  and  encaustic 
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tiles,  justify  incurring  expense  in  the  preparation  of  the 
body,  and  thus  the  control  of  the  color,  hardness,  shrinkage 
and  strength  may  become  very  perfect.  But  for  bricks,  terra 
cotta  and  hollow-wares,  the  great  constructive  products, 
which  are  used  on  a  tremendous  scale,  such  care  in  prep- 
eration  is  financially  impossible,  and  we  are  substantially 
dependent  on  what  nature  has  prepared  for  us. 

The  treatment  of  the  clay  in  burning  is  to  a  very  much 
larger  extent,  a  matter  of  choice  or  skill  on  the  part  of  the 
clay  worker.  He  cannot  change  the  character  of  the  clay  in 
most  cases,  but  he  can  nearly  always  change  the  treatment 
of  it  in  firing,  and  he  can  thus  often  accomplish  good  results 
where  the  clay  is  itself  of  poor  quality. 

VARIATIONS  IN  COMPOSITION  AND  PROPBRTIKS  OP 
CLAYS  AS  TO  IRON  CONTBNT. 

These  variations  when  considered  in  detail  admit  of 
a  four-fold  sub-division:  First,  variations  in  the  amount  of 
iron  present  Second,  variations  in  the  size  of  grain,  or 
state  of  distribution  in  the  clay.  Third,  variations  in  the 
mineralogical  form  in  which  the  iron  appears  in  the  clay. 
Fourth,  influence  of  the  minerals  accompanying  the  iron  in 
the  clay. 

There  may  perhaps  be  still  other  things  which  go  to 
make  up  that  marvellous  and  elusive  thing  which  we 
recognize  as  the  character  or  individuality  of  the  clay. 
But,  so  far  as  the  influence  of  the  iron  is  concerned,  the 
four  headings  above  undoubtedly  account  for  most  of  the 
phenomena  with  which  we  come  in  contact. 

Variations  in  Amount  of  Iron  Present. 

Variations  in  amount  are  the  first  recourse  to  which 
writers  have  turned  in  endeavoring  to  explain  the  color 
phenomena  of  clay  burning.  It  only  takes  a  superficial 
acquaintance  with  the  subject,  however,  to  find  that  this 
factor  is  much  overrated  in  importance,  compared  with  the 
chemical  condition  of  the  iron  before  and  after  burning,  and 
its  physical  distribution  in  the  clay. 
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In  general,  we  may  say  that  no  clay  is  free  from  iron. 
The  amount  may  be  truly  insignificant,  as  in  the  purest 
white  kaolins  which  sometimes  only  show  a  few  hundredths 
of  a  percent,  or  it  may  rise  to  such  proportions  that  the  clay 
ceases  to  be  regarded  as  such  and  is  valued  as  an  ore  of 
iron.  The  clay-iron-stone  of  England  and  the  paint  called 
ochre  are  cases  in  point.  But  the  usual  proportions  are  far 
removed  from  either  of  these  extremes,  and  are  sufficient  to 
destroy  the  white  color  of  kaolin  on  the  one  hand,  and  the 
fine  red  color  of  the  iron  oxide  on  the  other. 

Seger  has  covered  this  field,  as  he  has  most  others  in 
the  ceramic  world,  and  has  shown  that  clays  should  be 
divided  into  three  well  marked  classes,  as  regards  their  iron 
contents,  viz,  the  white-burning,  bu£f-burning  and  the  red- 
burning. 

White  Burning  Clays.  Without  going  fully  into  the 
conditions  which  have  brought  these  things  about,  we  may 
say  that  the  white-burning  clays  represent  those  rare  condi- 
tions, where  a  rock  low  in  iron  has  weathered  and  broken 
down  into  a  clay,  without  the  intrusion  of  iron-bearing 
water  or  sediments  from  neighboring  rocks.  Such  a  com- 
bination of  events  does  sometimes  happen,  and  hence  we 
sometimes  find  clays  which  burn  white.  But  since  they 
can  only  grow  by  the  weathering  of  igneous  rocks,  they 
come  almost  wholly  from  the  mountain  districts,  where 
granites  and  similar  feldspathic  rocks  occur. 

Since  transportation  of  clays  in  streams  is  almost  certain 
to  result  in  the  blending  of  iron-bearing  sediments  with 
them,  it  follows  that  white  burning  clays  in  the  vast  number 
of  cases  are  primary,  viz,  found  on  the  site  where  they  have 
first  been  formed  by  weathering.  But,  in  some  few  in- 
stances, as  in  the  Florida  kaolins,  white  clays  have  actually 
been  transported  over  long  distances  and  redeposited  as 
secondary  beds,  without  collecting  enough  iron  to  throw 
them  out  of  the  white  burning  class. 

The  rarity  of  the  conditions  producing  white-burning 
clays  naturally  makes  them  a  very  small  item  compared 
with  the  vast  bulk  of  other  clays.  They  probably  comprise 
only  a  few  hundredths  of  a  per  cent  of  the  total  clay  of  the 
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world.  Their  economic  importance  is  in  proportion  to  their 
varity,  however,  and  they  have  thus  become  a  commodity 
of  much  value,  ranging  in  price  up  to  $10.00  or  $15.00  a  ton 
for  the  choicest  grades. 

White  burning  clays  carry  from  a  few  hundredths  of  a 
per  cent  of  iron  to  considerably  over  one  per  cent.  The 
more  ferragineous  contain  much  more  iron  than  the  purer 
grades  of  the  buff-burning  clays,  whence  it  is  evident  that 
quantity  alone  is  not  a    sufficient  explanation  of  the  color. 

Red  burning  clays.  It  has  been  shown  that  it  is  a  rare 
and  unusal  event  when  a  primary  rock  breaks  down  into  a 
clay,  or  a  secondary  clay  is  built  up  from  a  floating  sediments, 
without  becoming  stained  with  enough  iron  to  bring  it  out 
of  the  white-burning  class.  In  fact,  the  vast  bulk  of  igneous 
rocks  are  ferrugineous,  and  break  down  into  red  burning 
clays  when  they  weather. 

But  the  remarkable  thing  in  this  connection  is  the 
regularity  of  the  iron  contents  of  red  burning  clays.  Of  the 
known  clay  strata,  the  shales,  the  glacial  clays,  and  the 
alluvial  clays  comprise  the  enormously  preponderating 
quantity;  probably  99  per  cent  of  the  whole.  And  in  this 
great  mass,  the  ferric  oxide  remains  ordinarily  between  4  and 
7  per  cent;  occasionally  it  rises  to  higher  figures.  Rarely, 
under  the  influence  of  local  causes,  it  becomes  iron  ore.  But 
shales  from  every  state  in  the  union,  and  from  every  coun- 
try of  the  world,  the  loess  of  the  Mongolian  steppes,  the 
glacial  clays  from  Arctic  and  Antarctic  regions,  the  alluvial 
clays  of  Nile,  the  Ganges  and  the  Amazon,  are  colored  alike 
with  this  uniform  and  ever  present  constituent. 

The  explanation  seems  to  rest  on  the  fact  that  iron 
composes  a  small  per  cent  of  the  known  elements  ot  the 
earth's  crust,  and  that  as  fast  as  it  is  unlocked  from  its  com- 
bination in  the  plutonic  rocks  which  make  the  shell  of  the 
earth,  it  tends  to  undergo  a  concentration  in  the  shale-clay 
strata.  Its  fineness  and  lightness  in  the  form  of  ferric- 
hydroxide,  which  it  takes  on  oxidation,  prevents  its  retention 
among  sands  to  any  large  extent.  Consequently,  sand- 
stones contain  less  than  their  share  of  the  total  iron.  Like- 
wise   limestones   accumulating    from  organic   sources   in 
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clear  water,  usually  are  low  in  iron.  But  the  shale  claysi 
being  composed  of  the  finest  sediments,  the  sludge  which 
travels  farthest  and  settles  last,  naturally  contains  the  bulk 
of  the  ferric  hydroxide,  which  is  equally  fine  and  equally 
difficult  to  settle. 

The  origin  of  the  shale-clays,  then,  is  thought  to  ex- 
plain their  uniformity  of  color,  and  the  intimacy  with  which 
their  iron  contents  have  been  blended  into  the  other  ingred- 
ients of  the  clay.  And  from  the  weathering  and  erosion  of 
the  shales,  the  vast  bulk  of  the  glacial  and  alluvial  clays 
have  come,  so  that  we  may  predict  with  considerable  con- 
fidence that  red-burning  clays,  whatever  their  age  or  pres- 
ent location,  contains  between  4  and  7  per  cent  of  ferric  oxide. 

The  red  color  of  red-burning  clays  is  not  in  proportion 
to  the  iron  contents  however.  That  is,  many  clay  contain- 
ing 4  or  5  per  cent  of  ferric  oxide  burns  as  fine  a  red  color  as 
others  containing  7  or  8.  Here  again,  the  distribution  seems 
more  important  than  the  amount.  While  we  do  not 
find  clays  burning  red  without  some  considerable  iron  in 
their  make  up,  we  do  not  find  all  clays  burning  red  which 
contain  this  amount  of  iron. 

Buff- Burning  Clays.  This  group  is  less  clearly  under- 
stood than  either  of  the  others.  In  amount  of  iron  content, 
it  varies  from  0.50  per  cent  to  4  or  5  per  cent,  ordinarily 
being  about  1.5.  It  overlaps  both  the  preceding  groups. 
White-burning  clays  burn  white  because  they  contains  so  lit- 
tle iron.  Red-burning  clays  burn  red  because  they  contain 
so  much  iron.  But  buff-burning  clays  do  not  bum  buff  be- 
cause of  the  exact  amount  of  iron  they  contain.  Often  they 
might  burn  either  red  or  white,  so  far  as  the  iron  content  is 
concerned.  Obviously,  quantity  alone  is  a  less  perfect  ex- 
planation for  this  group  than  for  either  of  the  others. 

A  discussion  of  their  origin  leads  too  far  at  this  present 
point.  Suffice  it  to  say  that  there  are  certainly  two  sorts  of 
buff,  burning  clays,  with  different  histories,  and  whose  color 
proceeds  from  different  causes.  In  both,  the  color  is  thought 
to  be  due  to  the  chemical  influence  of  other  elements  on  the 
iron  oxide. 
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VariatioMS  in  tke  Sise  of  Grain  or  State  of  Distributian 

of  the  Iron. 

The  powerful  influence  of  the  physical  factor  is  well 
realized  by  all  who  have  tried  to  stain  clays  artificially  to  some 
particular  tint.  Iron  oxide  in  masses  of  appreciable  size  be- 
comes red  on  calcination  at  a  low  temperature,  changing 
gradually  to  a  bluish  or  violet  black  as  the  temperature  in- 
creases. When  added  to  a  clay,  it  appears  as  dark  colored 
grains  in  the  matrix  of  the  clay,  which  is  itself  changed  little 
or  none  by  this  addition.  Even  when  we  grind  ferric  oxide 
to  an  impalable  powder,  and  distribute  it  into  a  clay  most 
perfectly,  it  merely  causes  a  darkening  or  browning  of  the 
color,  nothing  like  the  buflf  or  red  colorations  of  natural 

clays. 

The  failure  of  these  simple  synthetic  attempts  to  pro- 
duce iron  colors  in  clays  leads  us  to  a  study  of  the  condition 
of  the  iron  in  natural  clays.  We  find  two  states  easily  dis- 
tinguished. First,  the  precipitated  or  colloid  form,  whose 
fineness  exceeds  all  methods  of  measurement  and  which  we 
may  fairly  assume  to  be  almost  molecular.  Second,  the 
concretionary  or  granular  form,  in  which  its  grains  or  cry- 
stalls  are  of  appreciable  size. 

The  precipitated  form  is  necessary  to  the  development 
of  either  a  buflF  or  red  color.  We  may  easily  verify  this  by 
precipitating  artificially  some  ferric  hydroxide  into  a  fluid 
slip  of  clay.  It  is  possible  to  produce  colors  as  uniform  and 
as  free  from  specks  as  natural  clays,  but  it  is  not  possible  to 
get  some  of  the  tints  of  natural  clays  or  to  get  as  much  color 
for  the  amount  of  iron  used  as  is  developed  by  Nature's 
methods.  As  shown  in  discussing:  the  origin  of  the  shale 
clays,  the  iron  has  been  associated  with  the  clay  minerals 
from  the  very  time  of  formation.  The  primary  clay  was 
usually  deeply  stained  by  the  solution  of  iron  which  formed 
with  it.  The  soft  gelatinous  hydroxide  has  enveloped  its 
grains  form  their  very  origin,  and  left  each  tiny  particle 
covered  by  its  coloring  film.  Every  succeeding  process 
tends  to  increase  this  uniformity,  grinding,  transportation, 
erosion,  deposition  in  swamps»  all  tend  to  increase  the  iron 
and  to  red  ace  its  blend  to  perfection. 
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Thus  in  the  ordinary  red-burning  shale-clay,  for  in- 
stance, it  becomes  impossible  to  distinguish  the  hydroxide, 
from  the  clay  minerals.  The  sand,  and  the  mica,  and  the 
concretionary  minerals  of  all  sorts,  can  readily  be  separated 
by  screens  or  by  sedimentation  processes,  but  the  pulp 
which  remains  inseparable  to  the  end,  contains  the  bulk  of 
the  iron,  and  is  red-burning,  while  the  coarser  matters  which 
have  been  separated  out,  may  burn  light  or  dark  or 
speckled,  but  hardly  red.  In  fact  the  question  has  been 
raised  as  to  whether  iron  is  not  chemically  combined  as  a 
part  of  the  clay  substance.  No  proof  of  this  view  has  ever 
been  attempted,  and  all  the  evidence  obtainable  points  the 
other  way.  For  instance,  dilute  hydrochloric  acid  will  take 
out  nearly  all  the  iron  from  a  red  burning  clay,  leaving  a 
residue  in  which  the  clay  substance  has  not  been  sensibly 
attacked  and  which  burns  light  colored  or  white.  If  the  iron 
were  a  part  of  the  kaolinite,  its  withdrawal  would  leave  the 
molecule  decomposed,  and  the  alumina  also  would  then  dis- 
solve, as  its  bond  with  silica  would  be  broken.  But  such  is 
not  the  case.  Hence,  while  we  can  readily  see  how  such  a 
view  might  be  suggested  by  the  extreme  intimacy  of  the 
mixture,  and  the  uniformity  of  the  color  produced  by  it,  still 
it  cannot  be  defended  as  a  scientific  fact 

But  here,  again,  we  reach  a  point  where  qualification 
becomes  necessary.  The  occurrence  of  the  iron  in  infinitely 
finely  divided  form  is  necessary  to  the  development  of  either 
the  buff  or  the  red  color.  But,  the  presence  of  iron  in  this 
form,  even  in  connection  with  the  quantity,  does  not  in 
itself  necessarily  cause  the  red  or  the  buflf  color.  The  addi- 
tion if  even  a  little  red  clay  slip  to  a  bu£f  slip  will  produce  a 
body  which  bums  salmon  or  flesh  color  or  terra  cotta,  while 
other  buflf  bodies  may  easily  be  found  containing  twice  as 
much  iron  as  the  experimental  mixture  contains.  Thus  it 
appears  that  each  clay  is  buff  or  red  as  the  case  may  be, 
from  some  cause  other  than  the  amount  or  fineness  of  distri- 
bution of  the  iron. 

The  concretionary  forms  of  iron  in  clays  include  all 
particles  which  were  not  in  the  jelly-like  or '  colloid  state 
when  they  entered  the  clay  or  which  have  been  drawn  to- 
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gather  into  masses  by  the  obscure  forces  which  we  call  cry- 
stallization or  concretionary  growth.  It  does  not  matter 
what  the  force  has  been  which  collects  iron  into  granules  or 
what  the  history  of  the  granules  of  iron  in  a  clay  has  been. 
The  mere  fact  that  it  is  in  granules,  is  sufficient  to  determine 
its  effect 

In  general,  we  may  say  that  its  coloring  power  is  almost 
nil.  That  is,  its  power  to  color  the  matrix  or  real  pulp  of 
the  clay.  It  will  produce  colors  in  the  broad  sense,  for  we 
add  iron  to  buff-bricks  to  make  them  into  grays  or  speckles. 
But  the  change  in  color  is  due  to  alternations  of  black  and 
buff,  and  not  to  a  blending  oi  colors,  or,  the  formation  of  a 
new  color.  This  segregation  of  the  iron  of  a  clay  into  gran- 
ules, is  the  cause  of  much  trouble  to  the  clay  worker.  With 
this  trouble  comes  some  benefit.  The  trouble  consists  in 
speckled,  spotted,  pimpled,  rough  and  unsightly  ware.  The 
benefit  comes  from  making  a  virtue  of  necessity  and  creating 
a  market  for  such  speckled  and  mottled  color  as  concre- 
tionary iron  will  produce.  The  face-brick  industry  has 
shown  a  wonderful  example  of  this  in  the  last  20  years,  and 
now  millions  of  mottled  and  speckled  and  gray  bricks  are 
produced  with  good  artistic  results.  Yet,  the  real  reason  for 
their  appearance  was  the  inability  of  the  clayworker  to 
always  avoid  such  manifestations  in  his  wares. 

We  find  that  even  concretionary  grains  of  large  size  do 
contribute  some  little  to  the  color  of  the  body-matrix  of  a 
clay,  when  the  firing  temperature  becomes  sufficient.  The 
iron  assumes  a  silicate  combination,  and  permeates  the  sur- 
rounding matrix,  forming  a  ring  or  shell  of  yellow  or  red  or 
black  color,  whose  size  depends  on  the  fluidity  of  the  iron 
silicate  and  the  duration  of  high  temperature.  But,  practi- 
cally speaking,  concretionary  iron  is  not  responible  for  the 
colors  of  clay. 

Tke  Mineral  Forms  in  which  Iron  occurs  in  Clays, 

The  ferrugineous  minerals  which  are  most  commonly 
found  in  clays  are: 

(a)     Ferric  Oxide,  anhydrous,  or  in  various  stages  of 
hydration. 
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(b)  Ferrous  Carbonate. 

(c)  Ferric  Sulphide  or  Pyrites. 

(d)  Ferrous  Silicate  minerals,  like  Biotite,  Hornblened 
and  many  others. 

(e)  Ferric  sand  minerals,  like  Magnetite,  Menaccanite, 
Chromite,  etc. 

The  two  latter  divisions  do  not  contribute  any  large 
quantity  of  iron  to  ordinary  clays,  probably  not  over  one  per 
cent,  and  generally  much  less  than  that.  They  are  re- 
presented by  small  amounts  in  all  clays,  but  they  affect  the 
clay  chiefly  by  forming  minute  black  slag  spots  or  black 
specks  in  the  ware,  according  as  the  heat  has  fused  them» 
or  left  them  unslagged.  It  is  from  the  three  first  minerals, 
therefore,  that  we  derive  the  principal  beneficial  or  detri- 
mental effects  of  iron. 

These  three  minerals  are  sometimes  all  iound  in  the 
same  clay,  and  it  cannot  be  said  that  any  one  is  confined  to 
any  particular  kind  of  clay.  Still,  some  sort  of  classification 
by  location  is  possible. 

In  the  following  discussion,  consideration  will  only  be 
given  to  the  secondary  clays,  which  compose  the  bulk  of  our 
clay  wealth.  The  primary  clays,  although  they  include 
nearly  all  of  the  white-burning  kaolins  and  china  clays, 
form  such  a  minute  part  of  the  vast  masses  of  clays  in  gen- 
eral, that  they  need  not  be  considered  in  this  discussion, 
and  the  red  burning  primary  clays  are  of  small  economic  im- 
portance. 

Among  the  secondary  clays  those  of  recent  geological 
age,  like  the  alluvial  clays  which  cover  the  present  river 
valleys  and  bottoms,  almost  invariably  contain  their  iron  in 
the  form  of  ferric  oxide  or  hydroxide.  Ferric  sulphide  and 
ferrous  carbonate  are  not  unknown  in  such  clays,  but  they 
are  quite  unusual. 

In  the  next  group  belong  the  glacial  clays,  which  were 
deposited  like  a  blanket  over  the  northern  half  of  this  conti- 
nent, by  the  great  ice  cap  or  continental  glacier  which  in- 
vaded us  from  the  north  in  recent  geological  times. 

The  rough  hilly  country  was  covered  with  the  ice  sheet^ 
the  tops  of  the  elevations  ground  off*,  the  valleys  filled  in 
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with  the  debris,  and  over  all,  as  the  ice  retreated  to  the 
north  again,  the  great  sheet  of  clay  was  left  behind  to  form 
the  soil.  In  view  of  their  origin,  we  cannot  expect  glacial 
clay  to  be  nniform  in  any  respect,  either  in  size  of  the  min- 
eral particles,  or  the  kind  of  minerals  represented,  or  their 
chemical  condition.  And  the  facts  justify  this  view,  for  no 
sedimentary  beds  vary  so  widely  in  character  as  those  laid 
down  by  the  ice. 

In  the  glacial  clays,  ferric  hydroxide  predominates;  es- 
pecially is  this  tme  on  the  surface.  But,  where  deep  cuts 
are  made  into  glacial  clays,  we  not  infrequently  find  them 
taking  the  form  of  blue,  tough,  adhesive  hard-pan,  in  which 
the  iron  is  ferrous  carbonate.  It  may  be  fairly  said  that 
time  has  elapsed  since  the  glacial  period,  to  convert 
the  iron  salts  of  the  deeper  strata  into  ferrous  forms.  But, 
in  many  cases,  the  other  conditions  did  not  favor  the  change. 
Hence,  while  ferrous  beds  are  common,  at  times  almost 
reaching  the  surface,  they  are  more  often  found  deep  under 
cover. 

Clays  of  ancient  origin,  such  as  the  fire  clays  and 
shales,  contain  their  iron  most  commonly  as  the  ferrous  car- 
bonate  or  the  sulphide.  The  reason  for  this  is  clear.  Nearly 
all  such  strata  contain,  or  have  contained,  more  or  less  car- 
bonaceous and  sulphurous  matter,  and  during  the  enormous 
periods  of  time  since  their  deposition,  have  been  subjected  to 
bacterial  action,  heat,  and  pressure.  The  reduction  of  the 
iron,  and  its  combination  with  the  COa  and  S  thus  produced 
is  a  natural  event  under  the  circumstances. 

All  fossil  clays  are  not  necessarily  ferrous,  however. 
We  have  among  the  Carboniferous  and  also  in  the  Permian, 
many  conspicuous  examples  to  the  contrary.  Red  shales 
and  red  clays,  which  contain  their  iron  largely  or  wholly  in 
the  ferric  condition,  are  not  uncommon,  geologically 
speaking. 

The  sulphide  of  iron  is  a  "  free  lance,"  so  to  speak.  It 
is  common,  both  in  old  and  young  rocks.  It  is  easily  formed 
and  as  easily  decomposed  again.  Oxydation,  even  at  com- 
mon temperatures,  rapidly  converts  it  into  the  sulphate, 
while  similarly,  the  sulphate  is  easily  reduced  by  decaying 
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organic  matter  to  the  sulphide  once  more.  Hence,  its  pres- 
ence means  either  recent  reduction,  or  that  no  opportunity 
tor  oxydation  has  recently  occurred.  It  is  called  a  ferric 
mineral^  but  in  the  conditions  of  its  formation,  it  accom- 
panies the  ferrous  group,  and  when  it  decomposes  it  invari- 
ably yields  the  ferrous  oxide  first.  So,  while  it  is  a  ferric 
salt,  it  ranks  with  the  carbonate  in  its  tendencies  in  the  clay. 

But  while  shales  and  fire  clays  characteristically  con- 
tain their  iron  in  carbonate  or  sulphide  form,  it  is  also  true 
that  the  exterior  of  most  shale-clay  and  fire-clay  beds 
have  been  more  or  less  deeply  oxydized  by  weathering  pro- 
cesses. Whatever  is  easily  accessible  to  air,  percolating 
waters,  and  the  mechanical  action  of  heat  and  frost,  is  likely 
to  become  ferric,  while  rocks  below  drainage  level,  or 
covered  deeply  by  other  strata,  are  apt  to  remain  ferrous. 

The  e£fect  of  these  various  minerals  on  the  color  of  the 
clays  is  not  in  itself  strongly  marked  or  characteristic. 
That  is,  as  good  a  red  color  may  be  developed  from  a  clay 
containing  its  iron  as  ferrous  carbonate  as  from  ferric  hy- 
droxide. But  the  mineral  form  is  of  importance  neverthe- 
less from  two  causes.  First,  the  tendency  which  some 
minerals  show  to  crystallize  or  gather  in  concretionary 
masses.  Second,  the  great  differences  in  treatment  which 
the  different  minerals  require  in  burning. 

As  to  the  first  tendency,  it  may  be  said  that  all  forms  of 
iron  crystallize  or  gather  in  concretions.  It  is  simply  a 
question  of  degree.  Ferric  oxide  and  hydroxide  is  least 
prone  to  do  so.  In  fact,  where  ferric  concretions  are  found  in 
clays,  they  generally  represent  reoxydized  concretions  of 
the  carbonate,  rather  than  accumulations  originally  ferric. 
Consequently  a  clay  containing  ferric  oxide  exclusively  is 
apt  to  be  of  an  even  color  on  burning. 

Ferrous  Carbonate,  on  the  other  hand,  seems  to  exist  in 
disseminated  form  or  in  concretions  with  equal  ease.  In 
fact,  both  forms  generally  exist  side  by  side.  A  red  burn- 
ing matrix  will  be  full  of  black  specks,  produced  by  the 
lumps  of  the  same  mineral  which  produces  the  red  color. 
Thus  in  dealing  with  a  clay  in  which  ferrous  carbonate  is 
known,  there  is  every  reason  to  expect  that  finer  grinding 
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and  greater  care  in  preparation  will  be  necessary,  unless 
the  ware  is  one  in  which  the  presence  of  specks  is  not 
prejudicial. 

Ferric  Sulphide,  on  the  other  hand,  is  invariably  found 
in  granular  form.  These  granules  may  be  large  or  small, 
but  they  are  never  small  enough  to  give  a  red  color.  They 
invariably  show  up  in  the  burned  products  as  black  specks 
or  slagged  spots,  and  hence  in  most  wares  are  an  unquali- 
fied nuisance.  An  interesting  case  of  some  kaolinitic  clays 
from  the  Phillipines  recently  showed  pyrites  in  every  sized 
grain  from  8  mesh  down  to  200  mesh,  the  latter  requiring  a 
glass  to  see  the  grains  clearly.  The  pulp  passing  the  200 
mesh  seive  burned  gray,  evidently  from  the  little  grains  of 
pyrites  which  the  seive  had  not  been  able  to  retain,  as  the 
clay  itself  burned  pure  white,  in  occasional  places  where  no 
sulphide  of  iron  was  present 

The  e£fect  which  these  three  minerals  exert  on  the 
color  of  the  clay  through  differences  in  burning,  will  not  be 
discussed  at  this  time  except  to  say  that  ferric  hydroxide  is 
the  easiest  to  bum  successfully,  the  carbonate  next  and  the 
sulphide  most  difficult 

The  Effect  of  Other  Minerals  on  the  Iron  Color. 

The  considerations  involved  in  the  quantity,  the  dis- 
tribution and  the  mineral  form  of  the  iron,  have  been  shown 
to  be  accountable  for  much  of  the  variety  of  color  in  the 
common  or  secondary  clays.  But,  it  has  been  shown  that 
some  of  the  fundamental  phenomena  are  still  unsatisfied  by 
these  causes.  The  development  of  the  buff*  or  yellow  color 
is  the  chief  of  these.  We  have  seen  that  we  cannot  produce 
it  synthetically  with  anything  like  the  ease  with  which  the 
red  is  produced.  In  fact,  the  writer  has  never  succeeded  in 
making  a  good  buff  from  a  white,  by  addition  of  iron.  The 
use  of  iron  in  white  clays  has  given  a  pink  series,  but  no 
yellow.  It  seems  that  the  latter  is  due  to  another  factor, 
viz,  the  masking  or  suppression  of  the  iron  color  by  other 
elements  in  the  clay. 

Seger  has  classified  buff  burning  clays  into  two  groups. 
First,  those  high  in  iron,  which  would  burn  red  normally^ 


THB  BOUB  OF  IRON  TS  CLAY    BURNING.  889 

but  which  contain  so  much  lime  as  to  destroy  the  red  iron 
compound  and  form  a  yellow  lime-iron  compound  in  its 
place.  Second,  those  clays  low  in  iron,  which  would  bum 
to  a  pale  red  at  best,  but  which  contain  enough  alumina 
to  form  an  alumina»iron  compound  of  a  yellow  color.  Seger 
thinks  the  destruction  of  the  iron-red  color  in  these  two 
cases  is  accomplished  by  similar  means,  and  that  lime  differs 
from  alumina  in  being  the  stronger  and  more  active  base, 
and  thus  being  able  to  overcome  the  greater  quantity  of  iron. 

All  agree  on  the  former  proposition.  The  effect  of 
lime  on  the  iron-red  color  in  clays  is  undeniable.  The  re- 
action is  in  daily  use  as  a  means  of  controlling  iron  colors,  all 
over  the  world.  But  to  this  second  proposition,  the  writer 
can  not  give  unconditional  assent.  The  evidence  Seger 
marshalls  is  strongand  undoubtedly  points  to  his  conclusion. 
But  if  it  were  true,  then  synthetic  mixtures  should  easily 
give  the  buff  color,  which  has  not  been  the  writers  experi- 
ence. We  certainly  find  an  amazing  uniformity  in  the  color 
of  buff-burning  clays,  while  their  iron-alumina  ratios  fluctu- 
ate very  greatly.  Some  fire  clays  contain  40  per  cent,  of 
alumina  and  0.5  per  cent,  of  iron,  and  bum  a  good  buff. 
Others  contain  15  or  20  per  cent  of  alumina  and  2.5  to 
4  per  cent,  of  iron  and  burn  to  almost  exactly  the  same  tint. 
Other  clays  of  different  geological  history,  containing  about 
the  same  alumina  and  iron,  burn  a  fine  red  color. 

It  seems  as  if  some  other  influence  than  either  the  amount 
of  iron,  its  distribution,  or  its  masking  by  other  oxides  must 
be  brought  in  to  explain  the  buff-burning  fire-clays.  The 
significant  fact  is  that  fire-clays  occur  so  very  generally  in 
connection  with  coal  veins  or  other  accumulations  of  organ- 
ic matter.  Wherever  carbon  has  been  accumulated  in 
bygone  ages,  there  we  find  buff-burning  clays  immediately 
underneath.  Often  the  coal  has  been  washed  away  while 
still  soft,  and  disseminated,  but  the  fact  that  it  had  been,  is 
proven  by  the  fire-clay  vein  which  is  left  behind.  In  fact,  the 
fire-clay   more  uniformly  marks  the  coal  swamp,  than  the 

coal  itself. 
This  connection,  so  constantly  shown  all  over  the  world, 

in  strataof  all  ages  where  coal  has  grown,  certainly  seems 

Ccr.  25 
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significant.  Whether  the  swamp  growth  has  formed  certain 
organic  salts  of  iron  which  influence  the  color,  or  whether  it 
is  by  the  removal  of  other  substances  than  iron,  or  whether 
it  is  by  stimulating  the  growth  of  concretionary  forms  of 
iron  and  thus  preventing  the  distribution  of  the  color,  can 
not  be  stated. 

On  the  other  hand,  in  support  of  Segers  theory  that 
alumina  masks  the  iron  and  produces  the  buflf  color,  the 
fire-clay  beds  of  New  Jersey,  the  flint  clays  of  Missouri,  and 
many  of  the  Cretaceous  fire-clays  of  Germany,  may  be  cited. 
They  do  not  occur  in  connection  with  coal  veins,  nor  is  it 
reasonable  to  suppose  that  they  are  composed  by  the  erosion 
of  other  carboniferous  fire-clay  beds,  and  deposited  without 
sensible  blending  or  intermixture  with  red  burning  sedi- 
ments. In  fact,  their  occurrence,  alternating  with  beds  of 
sand,  gravel  and  red-clays,  gives  the  lie  to  any  such  assump- 
tion. 

The  most  we  can  say  at  present  on  the  cause  of  the 
buflf  color  of  the  fire-clay  groups,  is  that  they  generally  con- 
tain less  iron  than  is  needed  to  produce  a  red  color;  that  this 
iron  is  distributed  m  the  most  perfect  manner  possible. 
Segers  alumina  theory  does  not  seem  to  wholly  fit  the  case, 
and  the  geological  history  of  flre-clays  and  their  production 
by  swamp  growth  and  carbon  accumulation  is  after  all  not  a 
cause.  There  must  be  a  diflference  in  compound,  or  amount, 
or  distribution,  or  their  geological  history  could  hardly  avail 
to  produce  a  diflference.  The  settlement  of  this  most  inter- 
esting point  is  one  which  invites  the  attention  of  the  ceramic 

investigator. 

The  eflfect  of  the  accompanying  minerals  on  the  color 

generated  by  iron  is  not  confined,  however,  to  the  reaction 
known  as  ''masking,"  which  have  just  been  discussed. 
There  is  another  class  which  is  a  prolific  cause  of  trouble  in 
getting  the  usual  iron  colors,  but  whichhas  no  oflf-setting  ad- 
vantages in  the  way  of  producing  desirable  new  colors.  I 
refer  to  the  presence  of  reducing  agents,  like  carbon,  hydro- 
carbons or  organic  matter,  or  sulphur  compounds.  These 
substances  all  bum  out  from  a  clay  readily  under  favorable 
conditions.    They  do  not,  of  themselves,  add  to  or  subtract 
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from  the  colors  wrought  by  iron.  But,  by  virtue  of  their 
superior  affinity  for  oxygen,  they  prevent  or  delay  the  iron 
from  playing  its  customary  role,  and  hence  cause  untold 
trouble  in  the  burning. 

The  ancient  or  fossil  clays  are  the  ones  most  affected  by 
these  troubles.  Recent  clays,  like  the  river  and  glacial  beds 
usually  contain  some  trifling  amount  of  organic  material, 
but  it  is  still  woody  in  nature  and  hence  easily  combustible. 
It  bums  out  early  in  the  process  of  firing,  and  leaves  the 
ware  spongy  and  easily  accessible  to  the  kiln  gases.  Hence, 
it  does  no  harm  except  when  it  becomes  excessive  in  amount 
and  thus  makes  too  much  heat. 

But  shales  and  fire  clays  have  been  generally  altered  by 
heat,  pressure  and  bacterial  action,  and  their  organic 
matter  has  been  turned  into  graphite,  or  coaly  matter,  or 
bituminous  or  asphaltic  cements  which  penetrate  the  clays 
most  intimately.  Also  sulphur,  which  is  seldom  found  in 
quantity  in  the  surface  clays  or  the  young  days,  is  nearly 
always  common  in  the  old  or  fossil  clays. 

The  most  difficult  clays  to  bum  which  the  clay  worker 
ever  meets  are  the  bituminous  and  pjrritiferous  shales  and 
fire  clays.  It  is  safe  to  say  that  the  losses  incurred  in  clay 
burning  center  largely  around  the  troubles  which  these 
minerals  aggravate,  if  not  actually  cause. 

THB  TREATMENT  OP  CLAYS  IN  BURNING. 

We  have  now  seen  that  the  occurrence  of  iron  in  clays 
is  so  varied  as  in  itself  to  suggest  a  cause  for  the  complexity 
of  results  which  practice  demonstrates.  And,  there  is  no 
question  that  much  of  the  richness  and  variety  in  clay  pro- 
ducts does  come  from  just  this  fact.  But,  the  treatment 
which  the  clays  receive  in  burning  is  a  matter  of  fully  equal 
concern  to  the  clay  worker,  because  the  strength,  durability, 
beauty  and  color,  texture,  in  fact  the  whole  quality  of  his 
product,  is  a£fected  or  controlled  thereby.  It  is  a  matter  of 
of  even  greater  concern,  because  it  is  largely  under  the  con- 
trol of  the  clay  worker  himself,  and  is  thus  a  direct  key  to 
commercial  success,  while  he  cannot  exercise  a  similar  con- 
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trol  over  the  composition  of  the  clay  itself,  except  for  fine 
wares,  out  side  of  the  range  of  this  discussion. 

It  is  strange  perhaps  that  iron  should  play  a  part  of  such 
exceeding  prominence  in  clay  burning,  but  such  is  the  case. 
It  not  only  has  the  power  to  color  the  products  though  a 
multitude  of  varying  shades  and  tints,  some  beautiful,  others 
unsightly,  but  it  also  has  the  power  to  cause  the  ware  to 
swell  up,  to  become  deformed,  to  become  pimply  and  rough 
on  the  surface,  to  become  spongy  and  weak,  in  fact  perfectly 
worthless.  In  order  to  guard  against  these  troubles,  it  is 
necessary  to  understand  their  causes,  and  this  involves  an 
understanding  of  the  whole  theory  of  the  burning  and  vitri- 
fication of  clay  wares. 

Clay  burning  is  chemically  a  most  complex  process;  it 
consists  of  a  series  of  reactions  overlapping  one  on  the  other 
in  such  a  manner  that  one  can  never  trace  the  exact  begin- 
ning or  end  of  any  single  one.  In  general,  we  may  divide 
it  up  into  three  principal  kinds  of  reactions,  and  these 
divide  the  burning  process  roughly  into  three  corresponding 
stages. 

First,  The  dissociation  of  materials  which  are  un- 
stable at  high  temperatures,  and  the  expulsion  of  the  vola- 
tile portions  from  the  mass  of  the  clay. 

Second.  The  transformation  of  the  non-volatile  ele- 
ments from  less  stable  into  more  stable  forms  by  absorption 
of  gases  from  without  the  mass. 

TAtrd.  The  amalgamation  at  an  elevated  tempera- 
ture of  the  various  residual  inorganic  substances  left  by  the 
two  preceding  reactions,  iuto  a  more  or  less  perfect  silicate 
compound. 

Of  the  reactions  which  make  up  these  three  classes, 
there  are  some  which  axe  nece:  sary  to  the  successful  execu- 
tion of  the  burn;  others  whose  influence  is  seemingly  not 
necessary  or  important;  others  which  cannot  be  construed 
other  than  injurious  to  the  product,  and  to  be  avoided  as  far 
as  the  case  permits 

The  division  of  the  burning  into  these  three  periods  is 
of  course  arbitrary,  since    the  reactions  overlap,  and  at  na 
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time  can  it  be  said  that  one  process  only  is  going  on.  How- 
eTer,  it  affords  some  measure  of  convenience  and  intellig- 
ibility to  a  process  which  is  otherwise  complicated,  and  may 
be  justified  on  that  account. 

THE  DEHYDBATION  PEBIOD. 

The  reactions  of  this  period  are  only  the  preliminaries 
by  which  the  minerals  of  the  clay  are  brought  into  condi- 
tion for  the  final  combinations  which  culminate  in  the  finish- 
ed ware. 

The  reactions  are  chiefly 

(a)  Expulsion  of  hygroscopic  water  from  the  clay. 

(b)  Combustion  of  carbonaceous  matter. 

(c)  Distillation  of  S  from  pyrites,  leaving  PeS. 

(d)  Dehydration  of  Kaolinite,    Ferric   hydroxide 
and  other  hydrous  minerals. 

(e)  Decarbonization  of  carbonate  minerals. 

Taking  each  in  turn  we  may  describe  them  as  foUows:- 
Expulsion  of  Hygroscopic   Water. 

This  is  not  a  chemical  process,  but  its  power  to  inter- 
rupt or  defeat  chemical  processes  is  so  great  that  it  seems 
proper  to  give  it  a  place. 

Water  is  vaporized  at  100°  C,  and  theoretically  cannot 
exist  longer  in  the  clay  in  the  free  condition  after  that  tem- 
perature is  reached.  But  practically,  the  pores  of  the  clay- 
ware  retain  it  obstinately  until  temperatures  considerably 
in  excess  of  100  degrees  are  reached  in  the  general  atmos- 
phere of  the  kiln.  The  kiln  is  hardly  to  be  considered  dry 
until  the  atmosphere  of  its  coldest  part  has  reached  150^  C. 

The  power  for  ill  which  this  process  exerts  lies  in  the 
delaying  of  other  processes,  by  which  the  time  devoted  to 
their  execution  is  shortened.  No  oxydation  or  dehydration 
can  occur  while  the  mechanical  water  is  present,  and  further, 
no  senible  headway  can  be  made  in  heating  the  ware  up 
until  the  water  is  gone.  And  since  the  heat  required  to 
evaporate  water  is  637  units,  and  since  the  specific  heat  of 
water  below  boiling  is  five  times  as  great  as  that  of  clay, 
and  since  the  specific  heat  of  steam  is  twice  as  great  as  that 
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of  air,  it  is  plainly  to  be  seen  that  where  two  pieces  of  ware, 
one  wet  and  one  dry,  are  both  subjected  to  the  same  kiln 
gases,  that  the  dry  one  will  attain  a  high  temperature  rapid- 
ly, while  the  other  will  gain  no  heat  for  a  long  time.  Hence, 
when  the  temperature  reaches  the  point  where  some  other 
chemical  reaction  is  due  to  begin,  one  piece  is  prepared  and 
the  other  is  not  prepared  for  it. 

The  practical  importance  of  this  point  is  exceedingly  , 

great.    The  simple  remedy  is  to  never  set  ware  in  the  kiln  ] 

unless  it  is  dry,  or  if  for  any  reason  ware  must  be  set  which 
the  burner  knows  is  too  wet,  or  if  some  wet  ware  has  been 
interspersed  through  the  dry  ware,  then  he  must  convert  his 
kiln  into  a  dryer,  and  fire  it  so  slowly  and  so  long  before 
venturing  to  raise  fires,  that  all  original  inequalities  of 
water  will  be  removed. 

Many  very  intelligent  burners  and  managers  believe 
that  the  swelling  or  bloating  of  clay  wares  is  due  to  the 
water  escaping  at  high  temperatures.  In  fact,  the  writer 
himself  advocated  this  theory  in  1892.  But  further  study 
has  shown  that  wet  ware  is  only  the  indirect  cause  of  the 
trouble.  The  actual  swelling  takes  place  by  another  chemi- 
cal reaction.  But  if  the  water  had  been  properly  expelled 
first,  the  second  reaction  would  not  have  happened. 

The  picture  (Pig.  1)  shows  an  example  of  this  difficulty 
which  is  common  in  most  paving  brick  plants.  Two  brick, 
stuck  fast  to  each  other  in  burning,  one  swelled,  and  the  other 
square  and  true.  The  swelled  brick  was  set  damp,  while  the 
square  one  was  dry.  Yet  both  must  have  had  the  same  con- 
ditions of  time,  temperature  and  chemical  composition  of 
kiln  gases. 

Combustion  of  Carbonaceous  Matter. 

This  reaction  is  one  which  may  cover  a  very  great  heat 
range  depending  on  the  kind  of  carbonaceous  matter  pres: 
ent.     There  are  several  principal  forms: 

1st.  Vegetable  tissues,  fresh  or  but  little  altered,  such 
as  rootlets,  grasses,  leaves,  bits  of  wood,  or  wood  pulp,  turf,  *?: 

or  peat-like  manner. 

2nd.    Vegetable  or  animal  matter,  greatly  altered  by 
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partial  decay,  or  partial  distillation  tinder  heat  and  pressure. 
Here  belong  the  lignitic  matters  found  often  in  ball  clays, 
and  the  bituminous  and  asphaltic  matters  found  in  the 
shales  of  the  Carboniferous  and  earlier  periods. 

3rd.  Inorganic  carbon  minerals,  in  which  any  organic 
structure  they  may  have  had  has  been  blotted  out  by  the 
distillation  and  heat  treatment  they  have  undergone.  In 
this  class  belong  the  graphite  found  in  the  shales  and  slates 
of  the  Appalachian  mountain  district. 

Besides  these  substances  which  naturally  occur,  there 
are  others,  added  for  various  technical  ends,  which  fall  more 
or  less  directly  into  these  classes:  for  instance  sawdust,  tan- 
bark,  and  straw  in  the  first,  and  anthracite  coal-dust  and 
coke-dust  in  the  third  division. 

The  first  class,  or  woody  tissues,  burn  out  rapidly  and 
at  low  temperatures.  Wood  catches  fire  even  as  low  as  250 
or  300  degrees,  and  if  the  amount  is  small,  this  class  of 
substance  rarely  does  any  harm.  If  it  is  large,  as  in  the 
making  of  fire  proofing  or  terra  cotta  lumber,  where  some 
times  as  much  as  40  per  cent  of  sawdust  is  used,  it  is  ca- 
pable of  ruining  the  ware,  by  bringing  the  heat  up  too  fast. 

The  second  class,  or  bituminous  matter,  is  the  most 
common  and  most  dangerous  form  in  which  combustible 
matter  may  be  found  in  clays.  Its  danger  lies  in  the  fact 
that  it  is  a  partly  volatile  substance,  solid  at  ordinary  tem* 
peratures  but  which  readily  breaks  up  into  a  rich  combusti- 
ble gas,  and  a  residue  of  carbon  or  coke,  by  the  raising  of 
the  temperature.  Three  to  six  percent  of  such  carbon  is 
often  found  in  a  shale  clay,  and  this  means,  in  a  kiln  of 
50000  bricks,  six  to  twelve  tons  of  fuel,  or  a  third  enough  to 
burn  the  kiln,  if  its  heat  could  only  be  utilized. 

The  volatile  portion  of  these  bituminous  matters  natur- 
ally burns  very  rapidly  and  with  intense  heat,  when  the 
temperature  reaches  the  point  where  it  is  expelled.  In  fact 
its  combustion  raises  the  temperature  of  the  kiln  so  rapidly 
when  it  once  catches  fire,  that  it  urges  on  the  completion  of 
the  distillation  far  faster  than  the  normal  heat  of  the  kiln 
would  do,  and  does  not  cease  until  every  bit  of  volatile 
matter  has  been  expelled  and  combusted.     But  by  this  time, 
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the  temperature  of  the  kiln  will  likely  have  passed  all  safe 
limits  and  the  ware  have  become  swelled,  melted  and  stuck 
fast  together. 

Fig,  2,  represents  a  collection  of  bricks  from  Lorain,  O., 
where  a  black  shale  containing;  6  per  cent,  of  bituminous 
matter  was  being  worked.  Spalls  of  this  shale  thrown  into 
a  hot  kiln  would  blaze  nicely  for  several  minutes.  The 
company  was  making  brick  by  the  dry  process.  After 
spoiling  many  kilns,  they  were  finally  told  to  shut  off  the 
air  supply,  when  the  gases  took  fire,  and  let  the  conflagra- 
tion within  go  on  slowly  until  it  finally  burnt  itself  out. 
The  leakage  of  air  through  the  walls  of  the  kiln  and  through 
the  daubing  of  the  fire  holes  and  wickets  was  sufficient  to 
combust  more  gas  than  was  advantageous.  Unrestricted 
air  supply  simply  melted  the  bricks.  Five  days  of  this  slow 
distillation  was  sufficient  to  drive  out  all  but  the  solid  coke 
residue.  The  kiln  was  then  opened,  air  admitted,  the  last 
of  the  carbon  burnt  out  and  the  work  proceeded. 

The  brick  on  the  top  shows  the  brick  properly  burnt. 
Those  below  show  the  results  of  unrestricted  air  ad- 
mission and  consequent  melting.  The  danger  from  this 
form  of  carbon  is  not  wholly  confined  to  the  too  rapid  com- 
bustion of  the  gases.  The  residue  of  the  carbon  left  in  the 
clay  when  the  gas  goes  out,  is  still  a  troublesome  problem. 
It  is  so  fine,  so  evenly  distributed,  and  so  intimately  blended 
with  the  clay,  that  it  is  much  more  difficult  to  bum  out  than 
ordinary  graphite  or  coke  or  anthracite  slack. 

The  cut  (fig.  3)  shows  a  collection  of  draw-trials  made 
from  a  moderately  bituminous  shale  from  Cannelton,  In- 
diana. The  shale  had  passed  a  16  mesh  screen  and  was 
worked  by  the  plastic  process.  Beginning  on  the  left,  the 
first  trial  was  drawn  after  20  hours  firing,  10  of  which  were 
above  red  heat.  No.  2  was  drawn  at  24  hours.  The  color 
of  the  uncombusted  carbon  in  the  core  was  paler,  but  not 
reduced  in  area.  No.  3  was  drawn  after  30  hours.  The 
carbon  had  burned  out  somewhat,  as  was  shown  by  the  re- 
duced size  of  the  black  spot.  No.  4  was  drawn  at  37  hours,  '> 
showing  the  carbon  practically  gone.  The  kiln  was  then 
fired  till  44  hours,  and  No.  5  was  drawn  when  cold.     The 
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central  core  is  of  a  brighter,  more  orange-red  color  than  the 
exterior.  This  shows  first  in  No.  3,  encircling  the  small 
black  core.  No.  4  shows  it  also,  but  No.  6  shows  it  most 
strongly  developed.  This  difiference  in  color  is  due  to  the 
fact  that  the  iron  oxide  has  been  reduced  by  the  carbon,  and 
although  reoxidized  perfectly,  it  never  takes  the  same  color 
again.  It  is,  in  fact,  the  same  reaction  discussed  by  Blein- 
inger  under  Notes  on  Plashing* 

Considering  the  small  size  of  these  brickettes,  and  the 
special  regulation  of  the  test  kiln  atmosphere  for  oxidizing 
the  carbon,  the  above  series  is  a  very  instructive  example  of 
the  slowness  and  difficulty  with  which  this  is  accomplished. 
Where  a  whole  kiln  of  such  wares  is  to  be  treated  at  once, 
the  difficulty  and  necessity  for  time  are  correspondingly 
increased. 

The  third  class,  or  non  volatile  carbon,  is  not  often  a 
source  of  danger  or  inconvenience  to  the  ware,  especially  in 
relatively  coarse  or  granular  forms.  It  burns  only  by  slow 
oxidation,  or  glowing,  and  without  flame.  It  does  not  bum 
out  until  a  good  red  heat  is  reached,  and  requires  that  time 
be  given  for  this  to  take  place.  Otherwise,  it  is  seldom  a 
cause  of  trouble.  In  fact,  it  is  often  purposely  added  to  a 
clay,  to  make  a  better  distribution  of  heat  in  the  kiln.  The 
brickmakers  of  the  Hudson  River  district  are  especially 
addicted  to  the  custom. 

As  will  be  seen  later  on,  the  carbon  compounds  are  not 
in  themselves  particularly  troublesome  or  hurtful  to  a  clay, 
for  they  always  disappear  in  the  burning  if  given  any 
chance,  and  are  not  often  in  sufficiently  large  quantity  to 
exercise  any  great  efifect  on  the  working  qualities  of  the 
clay  while  raw.  But  they  are  a  most  fruitful  cause  of  trou- 
ble indirectly,  by  their  influence  on  the  iron  compounds,  as 
will  be  shown  later. 

Distillation  of  Ferric  Sulphide,  PeSs  is  a  mineral  which 
is  perhaps  responsible  for  as  much  of  the  trouble  incident  to 
-clay  burning  as  any  other  single  one.  Its  heat  reaction  is 
peculiar  in  the  fact  that  the  sulphur  is  not  driven  out  at  one 
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time,  bnt  in  two  stages.    The  first  decomposition  is  repre- 
sented by  the  formnla 

Fe8i  +  heat= FeS  +  S. 

This  reaction  can  easily  be  verified  by  heating  a  little 
pyrites  in  a  glass  tnbe,  to  the  point  of  redness  or  jnst  below. 
The  first  molecule  of  snlphnr  comes  off^  forming  yellow  oily 
drops  on  the  side  of  the  glass;  the  black  residue  remaining 
is  fonnd  to  contain  one-half  of  the  original  sulphur. 

The  second  molecule  of  sulphur  is  obstinately  retained 
by  the  iron,  and  can  only  be  removed  by  roasting  with  free 
oxygen  in  abundance.  The  point  at  which  this  is  com- 
pleted will  depend  on  the  porosity  of  the  clay,  the  rapidity 
with  which  the  heat  advances,  and  the  purity  of  the  hot  air 
which  has  access  to  the  clay.  If  it  is  largely  diluted  with 
combustion  gases,  the  oxidizing  power  is,  of  course,  much 
cut  down. 

It  is  safe  to  say  that  in  ordinary  cases,  the  first  mole- 
cule of  sulphur  from  PeSa  is  expelled  and  burns  to  SO2  or 
SOs  at  temperatures  of  400  to  600°C.  It  is  equally  safe  to 
say  that  that  the  last  molecule  is  not  expelled  at  all,  unless 
due  opportunity  is  given.  Under  favorable  circumstances, 
it  undoubtedly  is  roasted  out  by  900^C,  and  perhaps  earlier. 
Where  this  does  not  occur,  the  PeS  fuses,  forming  a 
black  slag. 

Dehydration  of  the  Hydrous  Minerals.  The  chief  of  these 
is  the  kaolinite,  which  loses  its  water  at  a  low  red  heat,  vari- 
ously estimated  at  650^  to  650^C.  It  is  now  the  opinion  of 
the  writer  that  the  expulsion  of  combined  water  from  clay, 
or  from  any  other  hydrous  mineral,  cannot  be  the  cause,  in 
itself,  of  any  of  the  troubles  incident  to  clay  burning.  An 
opposite  view  was  entertained  and  published  in  1892*,  in 
which  the  swelling  and  blackening  of  red  and  buff  burning 
clays  was  ascribed  to  this  cause.  Langenbeck  in  a  private 
communication,  was  the  first  to  call  attention  to  the  impossi- 
bility of  this  explanation  being  true.  There  is  no  doubt 
that  clays  have,  at  the  completion  of  the  dehydration  reac- 
tion, a  structure  more  porous  than  at  any  time,  before  or 

*Ohlo  O«ologl0Al  Bnrvey  Report.    Vol.  VII,  page  81. 
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after,   and    tbe    swelling    of   clays   is    now    explained    in 
another  way. 

Besides  kaolinite,  water  of  combination  is  found  in  vari- 
ons  other  minerals,  gypsnm,  talc,  various  zeolites,  and  the 
hydroxide  of  iron,  and  manganese.  Undoubtedly  they  all 
lose  their  water  quietly  and  easily,  as  kaolinite  does,  and  at 
as  low  a  temperature. 

The  Decarbofiization  of  the  Carbonates,  Of  these  min- 
erals there  are  four  commonly  found  in  clays,  and  several 
may  be  found  together  in  one  clay.  These  are:  Carbonate 
of  calcium,  carbonate  of  iron,  carbonate  of  magnesia  and 
dolomite. 

The  carbonate  of  lime,  so  common  both  in  and  out  of 
the  clay  strata,  is  a  constant  factor  in  clayworking  opera- 
tions. Only  two  classes  of  clay  are  presumptively  free  from 
it,  viz.,  fire-clay  of  the  coal  measures  and  alluvial  clays  of  re- 
cent origin.  Shales  may  or  may  not  be  free,  and  bog  clays 
and  glacial  clays  are  pretty  sure  to  contain  it 

The  heat  reactions  of  calcium  carbonate  have  been  care- 
fully studied  by  the  lime  and  cement  chemists,  and  from 
them  we  know  more  of  its  behavior  than  from  the  researches 
of  clayworkers.  It  decarbonizes  at  600  to  900°C,  the  time 
depending  on  the  composition  of  the  kiln  gases.  The  more 
steam  is  present,  the  more  readily  is  the  gas  given  off, 
though  why  that  is  so,  is  a  matter  of  conjecture.  The  de- 
carbonization  is  certainly  delayed  if  CO2  is  present  in  large 
quantity  in  the  gases,  and  CaO  once  formed  will  actually 
revert  to  CaCOsi  if  the  CO2  gets  too  high  a  constituent  in  the 
surrounding  gases,  and  the  temperature  is  not  too  high. 
Above  dOO^C,  the  reabsorption  of  CO2  is  not  possible,  until 
the  temperature  drops  again. 

Carbonate  of  iron,  or  siderite  (PeCOs)  is  a  very  abund- 
ant mineral  in  clays.    As    already  indicated,   it  is    found 
chiefly  in  the  shale,  and  generally  not  in  clays  of  recent  dep- 
osition.   The  former   greatly  outweigh  the  latter  in  quan- 
^  *  tity,  but  the  latter  are  more  widely  distributed  and  accessi- 

ble as  well  as  more  plastic,  and  hence  respond  more  readily 
to    the  clayworkers  needs.    It    is    natural,  therefore,   that 
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the  clay  workers    should  have  avoided   the  former  as  they 
have  done. 

But  in  comparatively  recent  times,  shale  clays  have 
sprang  into  great  favor,  chiefly  for  their  undoubted  fitness 
for  making  vitrified  wares,  like  sewer  pipe,  paving  brick  and 
hard  building  brick.  And  in  using  them,  clay  workers  have 
come  into  frequent  contact  with  a  series  of  phenomena  for 
which  their  older  practice  with  superficial  clays  had  not 
prepared  them. 

The  behavior  of  PeCOs  on  heating  has  been  made  the 
subject  of  one  incomplete  series  of  tests  in  my  laboratory.  We 
found  that  at  425<'C,  the  CO2  had  been  fully  expelled.  How 
much  lower  than  this  point  the  reaction  began,  we  have  not 
yet  determined,  as  the  first  brickettes  drawn  at  426  showed 
the  CO2  already  expelled.  The  test  was  made  on  a  kidney 
iron  ore  which  contained  about  35  per  cent,  of  iron  as  car- 
bonate and  6  or  8  per  cent,  as  ferric  oxide.  The  ground  ore 
was  plastic  enough  to  endure  being  molded  into  brickettes 
without  the  use  of  any  clay  as  a  binding  agent. 

These  results  were  a  surprise,  as  the  idea  had  been 
accepted  previously  that  PeCOs  retained  its  CO3  vigorously 
till  800  or  900  degrees. 

The  decomposition  of  magnesium  carbonate  and  of  dol- 
omite takes  place  at  about  400°C  and  600^C.  The  latter  fig- 
ure is  not  accurately  known,  but  it  is  known  to  be  between 
the  point  where  calcite  and  magnesite  break  down,  and  much 
closer  to  calcite  than  to  magnesite. 

The  small  quantities  and  infrequent  occurrence  of  mag- 
nesite in  common  clays  makes  these  figures  of  much  less 
moment  to  us  than  is  the  case  with  the  carbonates  of  lime 
or  iron. 

The  decomposition  of  the  carbonate  minerals  is  a  very 
important  and  significant  thing  in  a  study  of  the  vitrification 
process  in  clays,  on  account  of  the  reactions  which  begin 
between  the  basic  oxides  thus  formed  and  the  silicates  of 
the  clay.  But  their  interest  in  this  present  connection  is 
chiefly  because  of  the  carbonic  acid  gas  which  must  be  ex- 
pelled before  the  oxydation  of  the  iron  can  enjoy  a  free 
scope.     The  genuine  obstacle  which  the  carbonate  clays 
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offer  to  satisfactory  oxidation,  is  apparent  to  all  who  deal 
with  them.  Limey  clays  especially  resist  it,  because  their 
pore  system  is  clogged  with  the  escaping  CO2  until  solate; 
900^  or  thereabouts. 

The  heat  behavior  of  ferrous  carbonate  differs  from  that 
of  CaCOg  or  MgCOg,  in  the  fact  that  PeO,  which  remains 
when  the  CO2  is  set  free,  is  not  a  stable  compound.  In  fact^ 
it  is  one  of  the  most  unstable;  it  is  difficult  for  the  chemist 
to  produce  and  keep  PeO,  free  from  oxidation.  Conse- 
quently, the  breaking  down  of  the  PeCOs  is  only  the  signal 
for  a  second  reaction,  viz.,  the  oxidation  of  the  resultant  fer- 
rous oxide  to  the  more  stable  ferric  form.  This  reaction 
will  be  fully  discussed  in  the  succeeding  section. 

In  the  foregoing,  has  been  set  forth  in  some  detail  the 
general  behavior  of  the  minerals  during  the  heating  from 
atmospheric  temperatures  up  to  700°C.  No  single  clay  is 
likely  to  contain  all  of  the  various  minerals  here  noted.  But 
on  the  passage  of  any  single  clay  to  this  temperature,  it  is 
believed  that  the  order  of  the  changes  and  their  results  would 
be  about  as  described. 

The  Physical  Structure  of  Dehydrated  Clay.  It  is  import- 
ant for  us  to  realize  the  physical  condition  of  a  clay  after  this 
stage  has  been  reached.  This  can  easily  be  observed  by  any 
one  by  drawing  a  piece  of  clay  ware  from  the  kiln,  when  it 
has  attained  bare  redness  in  daylight,  and  cooling  it 
promptly. 

The  porosity  is  greater  than  at  any  other  stage.  The 
mass  retains  the  structure  given  it  during  manufacture. 
That  is,  the  pores  occupied  by  the  water  while  the  ware  was 
plastic,  still  remain.  To  this  porosity  is  added  that  pro* 
duced  by  the  loss  of  combined  water  from  the  clay  substance, 
the  loss  of  CO)  from  some  of  the  carbonates,  the  burning  out 
of  the  organic  matter,  and  the  partial  distillation  of  the  PeSa. 
The  shrinkage  has  not  begun.  The  clay  measures  just  as  it 
did  when  dry.  The  hardness  is  very  low — scarcely  greater 
than  that  of  thoroughly  dried  clay.  Also,  the  strength 
is  very  low — not  being  much  increased  by  the  burning 
process  so  far. 
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The  color  will  ordinarily  have  changed  from  the  natural 
clay  color,  to  a  very  pale  yellowish-red  or  salmon,  in  those 
clays  which  contain  much  iron.  In  fact,  in  fire-clays  which 
ultimately  burn  buff,  the  color  at  this  stage  is  apt  to  be  pink- 
ish-red, which  fades  and  yellows  as  the  heat  rises.  The 
same  is  true  of  calcareous  clays,  in  which  the  iron  color  is 
masked  by  the  lime.  These  clays  are  red  early  in  the  bum, 
becoming  yellow  only  after  the  lime  becomes  fully  caustic. 

The  Oxidation  Period. 

As  set  forth  earlier  in  this  paper,  the  fundamental  work 
of  this  period  is  the  transformation  of  the  more  volatile  ele- 
ments of  the  clay  from  less  stable  to  more  stable  forms  by 
the  absorption  of  gases  from  without  the  mass.  This  simply 
means  that  PeO  or  PeS  must  be  converted  into  Pe^Os,  before 
it  is  safe  to  proceed  with  the  next  step  in  the  process. 

The  advisability  of  giving  a  separate  subdivision  of  the 
whole  process  of  clay  burning  to  this  small  portion  of  it,  may 
seem  to  some  to  be  doubtful.  Especially,  when  it  is  reflected 
that  this  stage  is  most  important  in  red  burning  clays,  less 
so  in  buff  ones,  and  not  even  noticeable  in  white 
burning  bodies. 

But,  it  has  been  the  experience  of  the  writer,  that  the 
difficulties  and  losses  in  the  burning  of  crude  claywares  are 
more  largely  referable  to  mismanagement  of  this  phase  of 
the  burning  than  to  any  other;  perhaps  more  than  to  all  the 
other  causes  combined.  And,  while  there  is  no  actual  line 
of  demarkation  between  the  dehydration,  decarbonization, 
and  oxidation  reactions,  all  of  them  overlapping  more  or 
less,  still  it  seems  essential  to  create  in  the  mind  of  the  clay 
burner  the  feeling  that  separate  and  clearly  marked  stages 
exist,  and  that  he  must  satisfy  himself  of  the  completion  of 
each,  before  passing  to  the  next.  Lastly,  while  oxidation 
may  take  place  at  any  point  on  the  lower  end  of  the  temper- 
ature scale,  it  cannot  take  place  at  all  if  the  limits  of  this 
period  are  once  passed.  Thousands  of  dollars  would  be 
saved  annually,  if  clayburners  could  be  brought  to  see  that 
in  passing  above  this  temperature  line,  they  are  taking  an 
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irrevocable  step,  and  that  clay  not  well  oxidized  at  that  time 
is  practically  sure  to  be  spoiled. 

It  has  already  been  hinted  that  the  oxidation  of  PeO 
to  PeaOs  is  not  only  an  easy  chemical  reaction  to  perform, 
but  even  a  difficult  one  to  prevent.  But  also,  it  has  heen 
hinted  that  it  does  not  take  place  with  facility  in  the  burn- 
ing of  clays.  It  seems  apparent,  therefore,  that  when  such 
an  affinity  as  PeO  and  O  exhibit  is  unsatisfied  after  hours 
of  exposure  to  red  heat  in  a  kiln,  surrounded  by  a  constant 
flood  of  gases  in  which  free  oxygen  exists,  that  there  must 
be  some  very  definite  and  clear-out  influences  which  are 
operating  against  this  reaction.  Such  is  the  case.  There 
are  five  reasons  which  deserve  mention  in  this  connection. 

Mechanical  Action  of  the  Clay  itself.  When  we  calcine 
ordinary  copperas  at  a  low  red  heat,  we  produce  Venetian 
red,  the  brightest  and  most  beautiful  red  which  iron  oxide 
is  capable  of  forming.  Moreover,  the  reaction  is  easy,  quick 
and  complete.  But  when  we  set  free  5  or  6  per  cent  of  PeO 
in  a  clay,  we  must  recollect  that  it  is  distributed  throughout 
a  mass  of  fine  particles  closely  packed  together,  which  form 
a  very  effectual  mechanical  bar  to  contact  of  outside  air. 

Purthermore,  we  must  reflect  that  the  air  can  only  cir- 
culate through  the  mass  of  the  clay  through  the  infinitely 
fine  capillary  system  established  by  the  water  of  plasticity 
or  the  almost  equally  fine  interstitial  spaces  left  between  the 
grains  of  a  dry-pressed  body.  We  have  seen^ithat  the  body 
becomes  somewhat  more  porous  after  the  dehydration 
changes  are  complete,  but  the  total  amount  of  such  porosity 
is,  after  all,  not  great;  usually  25  to  35  per  cent  of  the  mass 
of  the  clay  Into  this  structure,  (spongy  structure  I  had 
almost  said,  but  spongy  gives  a  wrong  idea  of  the 
openness)  the  fire  gases  must  penetrate  to  accomplish  oxi- 
dation. And  while  they  will  do  so  in  time,  is  it  a  cause  for 
wonder  that  time  is  required?  Remember,  that  the  gas  is 
not  forced  in,  or  sucked  out,  by  any  physical  differences  in 
pressure. 

The  piece  of  clay  is  merely  lying  in  an  atmosphere  of 
flowing  gases,  and  from  this  it  must  gradually  absorb  the 
oxygen  which  its  interior  particles  crave,  and  must  carry  it 
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through  the  labyrinth  of  pore-spaces  to  the  little  particles  of 
the  ferric  oxide  waiting  to  receive  it. 

Hindrance  Caused  by  the  Evolution  of  Other  Gases.  As  al- 
ready pointed  out,  the  PeCOs  breaks  up  early,  and  its  CO3 
should  have  been  completely  expelled  from  the  clay  consid- 
erably before  dehydration  sets  in.  But,  it  may  happen  that 
the  temperature  proceeds  upward  faster  than  the  reaction 
can  keep  pace,  and  hence  before  the  PeCOg  of  the  interior 
is  all  decomposed,  the  other  reactions  of  dehydration  of  the 
clay,  and  decarbonization  of  the  other  carbonates,  are  also 
taking  place  in  the  exterior  of  the  mass.  The  CO3  from 
CaCOs  in  particular  is  known  to  lag  behind  most  other  gases 
in  the  clay,  and  it  is  not  wholly  disengaged  until  the  very 
time  when  the  vitrification  changes  are  apt  to  begin.  This 
mineral  therefore  greatly  complicates  the  oxidation  of  the 
iron  salts  on  this  account. 

The  outpouring  of  the  steam  and  CO2  from  these  min- 
erals now  fills  the  pores  system  of  the  clay.  The  pressure 
is  within,  struggling  to  get  out.  Hence,  there  is  added  to 
the  mechanical  difficulty  of  air  penetrating  the  clay,  the 
distinct  current  of  other  gases  coming  out  under  pressure* 
Naturally,  therefore,  oxidation  is  hindered  until  these  re- 
actions are  complete. 

Influence  of  Combustion  Gases.  It  has  been  shown  that 
PeO  is  prone  to  oxidize,  even  at  ordinary  atmospheric  tem- 
peratures, when  freely  exposed  to  the  air.  But  in  the  kiln, 
the  atmosphere  is  no  longer  pure  air.  It  is  composed  pri- 
marily of  combustion  products.  The  reaction  of  oxidation 
takes  place,  we  may  assume,  between  400  and  900^  C.  It  is 
most  likely  to  occur  between  700  and  900^  C ,  because  of 
the  iufluences  pointed  out  above.  Supposing  that  no  heat 
is  being  withdrawn  for  pyro-chemical  processes  in  the  wares, 
and  that  only  the  losses  due  to  the  escaping  gases  and  the 
radiation  of  the  kiln  itself  are  to  be  accounted  for,  it  is  plain 
that  to  maintain  a  strong  flow  of  gases  through  the  kiln  at 
a  temperature  of  from  700  to  900^  C.  would  require  the 
steady  consumption  of  a  large  quantity  of  fuel.  Pew  peo- 
ple   realize  that  the  most  rapid  fuel  consumption  in  the 
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whole  burn  is  at  just  this  petiod,  and  not  at  the  end  of  the 
process,  when  the  temperature  is  highest. 

But  if  fuel  must  be  burnt,  then  the  air  passing  through 
must  be  laden  with  its  products  of  combustion.  If  a  fuel  is 
burnt  perfectly,  and  without  excess  air,  its  combustion  pro- 
ducts would  be  CO2,  H2O,  and  N.  If  the  air  be  in  excess, 
O  and  more  N  are  added  to  the  mixture.  If  the  combustion 
be  imperfect,  as  it  nearly  always  is,  then  the  gases  may 
contain  in  addition  CO,  CH*  ,C2H4 ,  CS2 ,  SO2 ,  NHs ,  and  H. 
These  latter  gases  are  all  reducing  in  effect,  and  hence  their 
effect  on  the  process  under  discussion  is  strongly  deterrent. 
It  is  remarkable  that  reducing  gases  and  free  oxygen  may 
thus  coexist,  but  analyses  have  repeatedly  shown  that  such 
is  the  case. 

The  active  value  of  the  kiln  gases  for  oxidising  pur- 
poses depends,  therefore,  on  several  factors.  1st.  The  per- 
centage of  oxygen  in  the  gases,  2nd  the  freedom  from  coun- 
teracting reducing  gases,  3rd,  the  temperature.  This  field 
has  not  yet  been  fully  studied,  but  the  researches  of  T. 
Lowthian  Bell  in  iron  smelting  have  shown  that  Pe208  can- 
not be  successfully  reduced  by  furnace  gas  composed  of 
CO,  CO21  and  N,  unless  the  ratio  of  the  carbonic  oxide  to 
the  carbonic  acid  has  a  certain  value.  The  converse  should 
be  true  in  our  case,  viz. ,  that  PeO  cannot  be  oxidized  un- 
less the  ratio  of  the  oxygen  to  the  sum  of  the  CO  CO2  and  N 
lias  a  certain  value. 

The  lesson  to  be  gained  is,  that  mere  exposure  of  clay- 
ware  to  the  hot  gases  of  a  kiln,  between  700  and  900^,  while 
it  must  in  time  have  an  oxidizing  effect,  is  by  no  means 
certain  to  rapidly  perform  the  needed  operation.  It  depends 
on  how  these  gases  are  managed.  If  the  fireman  is  acquaint- 
ed with  the  objects  of  his  work,  he  can  so  regulate  his  fires 
and  his  draft  as  to  give  his  gases  the  utmost  oxidizing  value 
possible  without  loss  of  temperature.  If  he  has  no  concep- 
tion of  these  theoretical  ends  in  view,  he  will  probably 
make  his  fires  work  so  that  their  gases  are  well  nigh  useless 
for  oxidation  purposes. 

During  the  dehydration  period,  at  least  during  the  bulk 
of  it,  oxygen  is  plenty.    Calculation  shows  that  the  waste 
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gases  of  the  fuel  mtist  be  dilated  eight  or  ten  volumes  to  re- 
duce their  dew  point  to  a  safe  level  during  the  drying  off  of 
a  kiln.  As  the  temperate  rises,  this  enormous  air  excess 
decreases,  but  still  may  be  three  or  four  times  what  is  need- 
ed for  burning  the  fuel.  But  as  soon  as  the  ware  is  red  hot 
through  and  through,  the  usual  maxim  of  burners  is  to  ''push 
the  fire  as  fast  as  the  kiln  will  take  it. "  They  close  the 
doors,  or  fill  up  the  necks  of  the  fire  holes,  and  restrict  the 
air  supply,  just  at  the  very  time  when  it  is  most  needed. 

Of  course,  it  is  evident  that  the  air  excess  must  be  re- 
duced, to  permit  the  temperature  to  increase;  but  oxidation 
temperatures  (700  to  900^)  can  be  maintained  with  a  very 
considerable  air  excess,  if  this  point  is  duly  understood  by 
the  burner,  and  made  the  subject  of  his  skill  and  care. 

In  bad  cases,  when  clays  do  not  oxidize  under  ordinary 
treatment,  a  special  procedure  may  be  necessary  to  get 
round  this  difficulty.  The  Pish  Brick  Company,  at  Colum- 
bus, Ohio,  use  a  bituminous  pyritiferous  shale,  making 
a  rather  coarse-grained  brick  ,by  the  dry-press  process, 
which  they  burn  in  the  continuous  kiln.  They  never 
have  the  least  trouble  from  defective  oxidation  under  these 
circumstances.  But  they  made  a  few  kilns  by  the  plastic 
process,  burning  them  in  periodic  kilns.  They  found, 
after  considerable  loss,  that  the  following  procedure  was 
necessary. 

The  kiln  was  raised  as  usual  up  to  about  900^C ;  the 
fires  were  then  allowed  to  gradually  die  down  to  beds  of 
ashes.  The  draft  was  reduced  to  a  low  point,  and  the  kiln 
allowed  to  stand  until  the  temperature  had  gradually  fallen 
to  600°C,  or  nearly  black.  This  took  12  to  18  hours.  Then, 
firing  up  again,  the  kiln  was  carried  up  steadily  to  a  finish. 
The  secret  of  success  in  this  case  was  the  long  exposure  to  air 
nearly  free  from  carbonic  acid.  Eighteen  hours  of  nearly  pure 
hot  air  was  effective,  where  three  or  four  days  of  ordinary 
oxidizing  at  red  heat  had  failed  entirely  to  get  the  PeO  all 
converted.  Burners  generally  have  a  superstition  to  the 
effect  that  it  is  fatal  to  ware  to  allow  the  heat  to  drop  back 
after  once  raising  it  to  redness.  There  are  good  reasons  in 
some  cases,  why  this  should  be  avoided.     But  in  dealing 
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with  such  a  case  as  this,  it  is  practically  the  only  way  to  get 
good  resnlts. 

Deterrent  Effect  of  Solid  Reducing  Agents  in  the  Clay. 

As  has  already  been  shown,  clays  very  commonly  con- 
tain organic  and  combustible  matter.  It  is  even  added 
largely  in  many  clay  working  processes.  Further,  PeS  is 
one  of  the  common  sources  of  iron  in  clays.  These  sub- 
stances are  all  eager  for  oxygen  and  are  stronger  in  their 
affinities  than  PeO  is,  Consequently,  it  is  clear  that  no  oxi- 
dation of  the  latter  can  possibly  occur,  while  the  former 
remain  unoxidized. 

Carbon  is  a  constant  source  of  trouble  from  this  cause. 
Where  sawdust  or  coaldust  is  plentifully  added  to  a  clay, 
even  a  well  oxidized  surface  clay,  it  is  quite  often  the  case 
that  reduction  of  the  iron  follows,  and  the  clay  shows  black 
in  the  center  after  firing,  just  as  if  it  had  been  a  ferrous  clay 
to  start  with.  Still  more,  when  a  clay  contains  its  carbon 
intimately  disseminated  through  it,  is  it  likely  to  prevent  the 
oxidation  of  the  ferrous  oxide.  The  long  and  painstaking 
oxidation  required  to  completely  rid  some  clays  of  their  car- 
bon has  already  been  illustrated  in  Pig.  3. 

Sulphur  is  a  still  more  troublesome  substance,  from  the 
fact  of  its  combination  with  iron,  and  consequent  slowness 
to  yield  to  roasting.  PeS  remains  in  black  slag-like  masses 
after  the  first  molecule  of  S  is  expelled,  and  can  only  be  de- 
stroyed by  persistent  and  strong  oxidation.  Meanwhile, 
the  iron  cannot  be  effected,  until  the  sulphur  has  been 
driven  out 

The  Effect  of  Structure  of  the   Ware, 

In  the  four  preceding  headings  have  been  named  the  in- 
fluences which  are  at  work  in  the  oxidation  period  of  the 
burn.  It  is  by  no  means  to  be  supposed  that  in  every  clay, 
all  of  these  influences  are  operating.  In  the  typical  brick  and 
tile  clays  in  use,  no  trouble  is  usually  encountered,  for  the 
iron  is  already  in  the  form  of  ferric  hydroxide  when  it  enters 
the  kiln.  P«rther,  the  clay  is  ordinarily  sandy  and  open 
grained,  and  contains  no  sulphur  and  but  little  carbon. 
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Where  the  clay  is  an  ordinary  ferrous  carbonate  shale^ 
the  process  is  much  more  critical,  but  is  still  easily  mastered. 
The  hindrance  to  oxidation  requires  longer  heating  before 
vitrification,  and  also  opener  firing  while  raising  heat.  But 
the  burner  soon  learns  this  trick,  and  no  trouble  need  occur 
afterwards.  The  oxidation  is  here  much  affected  by  the 
structure  of  the  ware.  Shales  ordinarily  are  not  so  very 
plastic.  Therefore,  when  tempered  up  with  water,  they  de* 
velop  an  open  porous  structure,  favorable  to  oxidation. 

The  finer  grained  the  clay,  the  more  difficult  does  oxida* 
tion  become.  The  writer  has  occasionally  tested  very  fat» 
immensely  fine  grained  clays,  which  do  not  show  any  grit 
between  the  teeth.  Such  clays  will  fail  to  oxidize  and  will 
bloat  in  firing,  where  other  clays  with  three  times  as  much 
ferrous  iron  will  behave  normally. 

The  fineness  of  grain  therefore,  becomes  a  factor  of  the 
greatest  importance,  and  leads  to  practical  steps  to  counter- 
act its  influence.  Stoneware  makers  and  sewer  pipe  makers 
have  begun  to  find  out  that  where  they  wis}i  to  make  an  un- 
usually heavy  piece  of  ware,  that  it  is  essential  to  open  up 
the  body  of  their  clay  by  use  of  grog,  The  grog  is  prejudicial 
from  one  standpoint,  but  its  aid  in  getting  oxygen  into  the 
center  of  the  thick  ware  in  the  same  period  of  time  as  needed 
to  reach  the  center  of  the  ungrogged  ware  in  thinner  cross 
sections,  more  than  over  balances  the  detriment. 

Also,  brick  makers  have  occasionally  observed  that  an 
end-cut  structure  greatly  hinders  the  oxidation.  In  one 
kiln  made  by  the  writer,  containing  about  equal  proportions 
of  side-cuts  and  end-cuts  from  the  same  clay,  the  end-cuts 
were  nearly  all  defective  in  the  center  and  none  of  the  side- 
cuts  were  affected.  The  difference  comes  in  from  the  direc- 
tion of  the  laminations,  which  make  the  center  of  one  brick 
protected  by  sheath  after  sheath  of  clay,  like  a  jelly  roU^ 
while  the  center  of  the  side-cut  is  made  accessible  by  the 
lamination  leading  into  it. 

Also  the  dry-press  process  and  the  plastic  process  offer 
some  curious  comparisons.  In  general,  the  latter  structure 
is  much  the  denser  and  harder  to  oxydize.  But  occasionally, 
a  clay  is  encountered  which  is  very  soft  and  fine  grained  and 
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i^hich  packs  in  the  dry-press  die  into  a  body  of  surpassing 
•density.  Such  a  body  is  exceedingly  hard  to  oxidize,  and 
can  be  worked  much  more  safely  in  plastic  form.  But  if  in 
addition  to  having  its  iron  in  ferrous  form,  a  clay  contains 
carbonate  of  lime  or  magnesia,  or  pyrites,  or  carbon  com- 
pounds, then  trouble  must  be  anticipated.  The  more  of 
these  materials  the  worse,  and  when  all  three  are  present 
together,  the  difficulties  rise  to  the  point  of  prohibiting 
economical  manufacture. 

Probably  no  clay  exists,  which  cannot  be  burned  safely. 
If  it  comes  down  to  a  struggle  between  a  well  equipped 
clay  worker,  and  the  natural  perversities  and  disabilities  of  a 
clay,  the  clayworker  can  succeed,  every  time.  But  when 
the  cost  has  to  be  considered,  the  difference  between  a  low 
fuel  bill  and  a  high  one;  between  a  quick  circuit  of  the  kilns 
and  a  slow  one;  between  a  small  percentage  of  loss  and  a 
high  one;  it  is  easy  to  see  that  some  clays  are  better  left  alone. 
The  writer  knows  of  one  instance  where  eighteen  days  were 
regularly  required  to  burn  a  small  round  down-draft  kiln  of 
brick,  where  an  ordinary  Coal-measure  shale  should  have 
been  burned  in  seven.  The  trouble  was  carbon  and  sulphur 
and  difficulty  in  securing  oxidation. 

Physical  Structure  of  Clay  at  the  End  of  the 

Oxidation  Period. 

The  physical  condition  of  the  ware  at  the  conclusion  of 
the  oxidation  period  is  worth  attention.  If  the  work  has 
been  correctly  done,  the  ware  will  be  uniform  in  color  in  its 
whole  cross  section.  Its  color  will  be  redder  than  at  dehy- 
dration, if  a  red  burning  clay  is  used,  or  yellower  if  a  buff*  clay 
is  used.  Its  hardness  will  have  sensibly  increased,  but  it 
will  still  be  soft.  Shrinkage  will  have  begun,  but  will  have 
made  but  little  headway.     Strength  will  still  be  small. 

On  the  other  hand,  if  the  clay  be  improperly  oxidized, 
it  will  show  on  its  fracture  a  spot,  furthest  from  the  exter- 
ior, of  different  color  from  the  exterior  of  the  ware.  This 
new  color  is  dark.  The  size  of  the  spot  will  depend  on  the 
completeness  or  incompleteness  of  the  work.  The  larger  it 
is,  the  more  certain  it  is  to  ruin  the  ware  subsequently. 
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ig.  3  very  nicely  shows  this  featnre.  The  location  of  the 
spot  will  depend  on  the  shape  or  position  of  the  ware  in  the 
kiln. 

In  Pig.  4,  the  first  piece  on  the  left  shows  a  brick- 
ette,  with  only  a  narrow  border  oxidized.  The  whole  inter- 
ior is  untouched.  Bnt,  the  oxidation  has  penetrated  about 
equally  from  all  four  sides.  The  second  brickette  shows  the 
same  process  further  along.  The  third  brickette  shows  an 
unoxidized  spot  close  to  the  left  side.  In  this  case,  the 
brickette  lay  close  to  another,  and  the  air  got  between  the  two 
with  difficulty.  In  consequence,  the  protected  side  lagged  be- 
hind the  rest  of  the  brickette. 

It  often  happens  that  when  bricks  are  faced  or  piled  up 
closely  on  each  other,  that  the  exterior  of  the  pile  will 
oxidize,  and  the  interior  will  not.  This  causes  the  brick  to 
assume  a  fantastic  appearance  afterwards,  one  part  being 
good  and  another  bad,  without  the  reason  appearing  from 
observation  of  the  brick,  apart  from  its  setting. 

In  all  that  has  been  said  so  far,  the  allusions  to  trouble 
ensuing  from  incomplete  oxidation  have  been  frequent,  but 
little  has  been  said  in  explanation  of  what  these  troubles  are. 
The  reason  for  this  reticence  is  that  the  real  development  of 
the  trouble  occurs  only  in  the  vitrification  process.  If  the 
bum  ended  at  lOOO^C,  then  all  of  this  discussion  would  be 
valueless.  But  hidden  away  in  this  apparently  unimportant 
dark-colored  spot  are  half  the  potential  sources  of  trouble  to 
which  clays  are  heir;  only  when  the  vitrification  of  the  ware 
is  nearly  finished,  does  this  malevolent  disease  break  out 
and  show  its  capacity  for  damage. 


THE  VITBIFIOATION  PEBIOD. 

The  period  beginning  about  900  B.  C,  represents  the 
first  constructive  work  in  the  burning  process.  All  that  has 
gone  before  is  destructive  of  the  original  minerals  which 
composed  the  clay,  but  not  directly  constructive  of  the 
homogeneous  silicate,  toward  which  the  finished  material 
is  supposed  to  approximate. 
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To  set  forth  the  processes  of  vitrification  in  full 
detail,  even  if  they  were  known,  would  be  a  task  entirely 
beyond  the  scope  of  this  present  article.  As  a  matter  of 
fact,  they  are  only  dimly  understood.  The  work  of  the 
cement  chemists,  the  slag  studies  of  the  metallurgists,  the 
work  in  lithological  analysis  by  the  mineralogists,  all  have 
given  us  something  in  this  field,  but  a  persevering  study  of 
the  subject  from  the  view  point  of  the  ceramist  has  yet  to 
be  made. 

To  understand  the  behavior  of  the  iron  in  the  processes 
which  follow,  we  must  have  a  little  preliminary  idea  of  the 
process  itself.  In  brief,  it  is  a  continually  changing  series 
of  combinations,  in  which  more  and  more  of  the  ingredients 
of  the  clay  are  drawn  in. 

The  first  change  is  thought  to  be  a  sort  of  condensa- 
tion or  shrinkage  in  itself  of  the  kaolinite  base  of  the  clay. 
This  precedes  silicate  formation,  at  least  for  the  most  part. 
Then  the  caustic  basic  oxides,  lime  and  magnesia,  begin  to 
react  on  the  dehydrated  clay,  forming  silicates  and  alumi- 
nates.  These  soon  give  way  to  other  compounds  which 
bring  the  finest  of  the  free  quartz  into  combination.  The 
feldspathic  fluxes  also  begin  to  work,  and  thus  from  one 
combination  to  another,  the  work  proceeds,  building  up  one 
compound  only  to  form  another  from  it  as  the  temperature 
increases  and  the  materials  present  become  more  fully 
available. 

If  we  stop  the  process  at  a  number  of  different  stages^ 
take  samples,  and  examine  them  critically,  the  physical 
structure  is  a  warrant  for  the  above  outline.  When  cross 
sectioned  and  viewed  under  the  microscope,  the  general 
truth  of  the  above  is  proven,  for  crystalls  of  entirely  differ- 
ent minerals  can  be  identified  in  the  same  clay  at  different 
stages  of  its  combination,  and  even  in  different  parts  of  the 
same  mass,  where  the  heat  has  been  uneven.  These  inves- 
tigations have  so  far  gone  but  a  little  way  and  the  minerals 
formed  in  vitrifying  clays  have  not  yet  been  identified  or 
described.  We  are  far  behind  the  cement  chemists  in  this, 
tor  they  have  identified  several  minerals  in  portland  cement 
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clinker,  which  is  a  much  more  difficult  material  to  work 
with  than  oars,  on  account  of  its  unstability. 

The  behavior  of  iron  in  the  above  process  is  the  theme 
to  which  we  must  confine  ourselves. 

Phenomena  Occurring  at  or  before  Complete  Vitrification^ 

Vitrification  among  clay  workers  is  a  technical  term. 
It  does  not  mean,  as  many  seem  to  think,  that  the  clay  has 
become  converted  into  an  absolutely  homogeneous  or  glass- 
like solid,  from  which  every  vestige  of  the  original  mineral 
structure  is  obliterated.  Such  a  condition  is  impossible  in 
practical  clay  working.  Even  fusion  does  not  accomplish 
go  great  a  homogeneity,  for  when  a  clay  is  fused  to  a  slag, 
its  coarser  particles  have  usually  resisted  solution  and  are 
still  to  be  seen  in  the  fluid  magma. 

To  the  practical  clayworker,  especially  he  who  manu- 
factures paving-brick,  sewer-pipe,  roofing  tile,  encaustic 
floor  tile,  stoneware  pottery  or  porcelain,  complete  vitrifica- 
tion means  that  stage  of  a  clay's  burn  where  it  becomes 
densest  and  strongest. 

All  clays  pass  in  burning  through  a  series  of  stages, 
and  are  progressively  harder,  stronger  and  denser  up  to  a 
maximum;  after  that  they  begin  to  fall  off,  sometimes  rapidly, 
sometimes  slowly,  until  they  finally  become  a  worthless, 
vesicular,  slag-like  mass,  devoid  of  useful  qualities.  The 
culminating  point  of  excellence,  though  hard  to  define,  is 
not  hard  to  recognize.  And  while  it  does  not  by  any  means 
stand  for  the  same  qualities  in  any  two  clays,  it  is  clearly 
defined  to  the  practical  man  in  dealing  with  each  clay  by 
itself. 

For  convenience,  Wheeler*  has  divided  the  vitrification 
period  into  five  stages,  which  mark  well  known  difierences 
in  structure,  though  of  course  each  stage  passes  insensibly 
into  the  next,  without  any  dividing  line.  The  four  last 
stages  he  has  named  Incipient  Vitrification,  Complete  Vitri- 
fication, Viscous  Vitrification  and  Fusion.  He  gave  no 
name  to  the  first  stage,  but  the  writer  has  called  it  the  Con- 
densation period,  as  indicating  that  the  chemical  changes 

*  Vitritted  Paying  Brlek,  by  H.  A.  Wheeler.    Pab.  IndUuiApoliB,  1880. 
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occarring  there  are  largely  the  simple  condensation  or  shrink- 
age of  the  kaolinite,  and  perhaps  other  minerals,  without 
involving  actual  silicate  formation.  Wheeler  describes  this 
stage  as  that  of  the  ordinary  well-burned  red  building-brick, 
which  can  be  cut  freely  with  a  knife,  and  yet  has  shrunk 
considerably  since  dehydration. 

The  point  of  complete  vitrification  makes  an  excellent 
place  to  divide  our  discussion,  for  the  reason  that  no  one 
voluntarily  passes  it  in  producing  clay  wares.  And,  those 
changes  which  mature  before  or  by  that  time  are  all  familiar 
ones,  which  must  be  reckoned  with  daily.  The  changes 
which  follow  are  destructive  changes,  to  be  avoided  if 
possible. 

The  separate  iron  phenomena  which  occur  before  or 
by  complete  vitrification  may  be  listed  as  follows: — 

1st    Development  of  the  normal  ferric  color,  red  or  buff. 

2nd  Development  of  the  normal  ferrous  color,  by  reduc- 
tion. 

3rd  Development  of  the  abnormal  black  core,  by  faulty 
oxidation. 

4th  Blue-stoning,  or  the  normal  change  from  ferric  to 
ferrous  by  increase  of  temperature  under  oxidizing 
conditions. 

5th    Reoxidation  or  flashing. 

Development  of  the  Normal  Ferric  Color.  A  red-burning 
clay  which  has  been  properly  treated  in  the  burn  up  to  900^  C 
has  acquired  by  that  time  a  yellowish  red,  or  pale-red  color, 
which  is  called  salmon.  As  the  temperature  continues  to 
rise  this  color  deepens  and  brightens,  until  by  1100^  C,  in 
most  clays  it  attains  its  maximum  brilliance  and  power. 
This  red  color  is  said  to  be  that  of  free  ferric  oxide,  which 
covers  the  grains  of  the  other  minerals  with  a  film  and  cre- 
ates almost  as  much  color  and  as  bright  a  tint  as  if  the  mass 
were  ferric  oxide  throughout.  Seger  explains  the  successive 
shades  of  red  by  the  increasing  density  of  the  iron  oxide  as 
the  temperature  rises.  Condensation  involves  darkening  of 
color,  he  argues,  and  cites  experiments  conducted  on  pure 
ferric  oxide  to  prove  the  point. 

The  evidence  that  proves  this  to  be  the  free  ferric  oxide 
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and  not  a  ferric  silicate,  or  aluminate,  is  more  negative  than 
positive  however.  It  can  be  proven  that  the  iron  is  in  the 
ferric  condition,  readily  enough.  But  to  prove  that  it  is  not 
in  combination,  is  not  so  easy.  Solution  of  the  iron  is  no 
longer  possible  to  any  agents  except  such  as  attack  the  rest 
of  the  clay  as  well.  We  judge  by  the  color,  which  is  ferric, 
and  by  the  abrupt  change  in  color  which  happens  later  on 
when  silicate  formation  unquestionably  does  take  place,  that 
this  red  is  that  of  the  free  oxide. 

The  question  now  arises,  why  is  it  that  ferric  oxide  can 
remain  so  long  out  of  combination,  when  surrounded  by 
clay,  silica,  and  other  fluxing  minerals,  which  are  one  by 
one  breaking  down  and  entering  into  bonds  with  one 
another?  The  question  must  remain  unanswered.  But  ex- 
perience proves  that  whatever  the  red  color  is,  it  remains 
intact  for  a  long  time  as  the  heat  rises,  suffering  no  change 
except  a  gradual  brightening  and  deepening  in  tint,  up  to  a 
certain  maximum.  This  maximum  is  not  a  fixed  point  for 
all  clays.  It  varies  with  the  composition  of  each.  Those 
clays  which  keep  it  the  longest  are  those  containing  least 
clay  substance  and  most  pure  sand.  A  very  sandy  clay  from 
Wisconsin  was  fired  by  the  writer  to  cone  8  in  a  not  very 
oxidizing  burn,  and  remained  a  fine  strong  red,  bordering  on 
purple  at  this  temperature.  An  ordinary  red  clay,  containing 
50  per  cent,  clay  substance  cannot  be  fired  above  cone  1 
without  beginning  to  show  a  decline.  Soft  fluxes  like  lead 
or  alkalies,  which  promote  silicate  formation,  tend  to  bring 
the  iron  into  combination  also,  and  destroy  the  red  color  of 
ferric  oxide. 

As  a  rule,  the  retention  of  the  red  color  in  its  perfection 
and  the  development  of  a  close,  dense,  glass-like  vitrifica* 
tion  seem  to  be  mutually  antipathetic  conditions.  That  is, 
in  most  red-burning  clays,  their  behavior  seems  clearly  to 
bear  out  the  contention  that  the  color  is  due  to  free  iron. 
For,  as  fast  as  the  vitrification  becomes  visibly  more  perfect^ 
the  color  darkens  and  the  body  seems  to  approach  to  its 
point  of  breaking  down. 

But  occasionally,  or  rarely,  a  clay  is  met  which  contra- 
dicts this  impression.     Such  clays  have  in  the  writers  ex- 
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perience  attained  a  vitrification  almost  like  glass,  preserving 
the  while  a  red  as  bright  and  beantifnl  as  sealing  wax. 
Ink  placed  on  the  fracture,  will  dry  and  scale  off  without 
leaving  a  mark. 

It  is  truly  hard  to  see  how  iron  can  be  wholly  free  and 
unattached  in  a  silicate  mass  of  such  perfection.  But,  when 
such  a  clay  is  heated  past  this  culminating  point,  it  follows 
the  general  law,  and  blackens  as  it  breaks  down,  thus 
seeming  to  show  that  combination  of  the  iron  means  loss  of 
its  ferric  character. 

In  one  instance  only,  in  an  experience  covering  a  large 
number  of  clays,  has  the  writer  found  one  which  maintains  a 
red  color  after  passing  into  the  vesicular  stage  of  fusion. 
This  clay  is  remarkable  for  immense  fineness  of  grain,  vitri- 
fication at  extraordinarily  low  temperatures,  and  very  early 
swelling  into  a  spongy  mass.  It  is  possible  that  the  excep- 
tion is  apparent  rather  than  real,  and  that  the  clay  really 
did  blacken  in  fusing,  but  that  owing  to  its  spongy  struct- 
ure, and  the  low  temperature  and  consequent  excess  of  oxygen 
in  the  kiln  gases,  that  /'/  reoxidized  after  blackening.  A  sup- 
ply of  the  clay  has  been  secured  for  further  tests. 

A  resume  of  the  evidence,  then,  seems  to  indicate  that 
clays  are  colored  red  by  free  ferric  oxide,  and  that  combina- 
tion of  iron  with  clay  or  silica  involves  blackening  and 
formation  of  the  ferrous  silicate.  The  ferrous  state  of  the 
iron  in  a  black  over-burned  clay  is  easily  proven  by  analysis. 
If  this  theory  is  not  true,  then  the  red  color  must  be 
due  to  an  unstable  ferric  silicate,  which  forms  a  stable 
black  ferrous  silicate  after  a  certain  critical  tempera- 
ture is  reached.  Most  clays  seem  to  favor  the  former 
hypothesis.  A  very  few  favor  to  the  latter.  It  must  be 
borne  in  mind,  however,  that  these  latter  clays  all  vitrify  very 
early,  and  before  the  ordinary  range  of  temperatures  are 
reached.  No  instance  of  a  clay  has  yet  come  to  the  writer's 
attention  which  burns  to  a  vitreous  red  at  a  high  tempera- 
ture. 

The  behavior  of  buff-burning  clays  runs  parallel  to  the 
above  described  phenomena,  except  that  there  is  much  less 
difference  between  the  soft  and  fully  matured  ware  than  be- 
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tween  salmon  and  good  red.  The  latter  change  is  almost  a 
change  in  kind,  while  the  former  is  one  of  degree.  Also, 
during  the  retention  of  the  buff  color,  complete  or  glassy  vit- 
rification is  not  quite  so  uncommon  as  the  sealing-wax  red. 
But,  aside  from  the  fundamental  difference  in  the  color,  the 
two  series  pass  through  about  the  same  course  of  events, 
and  bear  out  the  same  conclusions. 

Development  of  Normal  Ferrous  Color^  by  Reduction.  One 
of  the  strong  arguments  for  a  free  ferric  oxide  as  the  basis 
of  the  red  or  buff  color,  is  the  prompt  destruction  of  that  color 
by  anything  like  reduction.  Reducing  gases,  smoky  fire, 
dirty  grates,  or  restricted  air  supply,  very  soon  produce  a 
greenish  or  bluish  black  coloration  in  a  red  or  buff  ware. 
This  blue-black  material  is  readily  proved  to  be  ferrous  by 
analytical  means.  To  prove  that  it  is  a  silicate  is  not  so 
easy.  But,  proceeding  on  synthetic  lines,  we  can  make 
ferrous  silicates  by  fusion,  and  they  all  have  a  black  color, 
comparable  directly  with  that  obtained  in  the  reduced  clay. 
When  we  attempt  to  produce  a  ferric  silicate  of  a  red  color, 
if  exclude  the  solution  of  Fe208  in  a  gloss  or  glaze,  we  fail. 

The  rapidity  of  the  change  from  red  to  black  depends 
upon  (a)  the  violence  of  the  reducing  condition  and  (b)  the 
porosity  of  the  ware,  by  which  the  gas  reaches  the  ferric 
oxide  or  ferric  compound.  Open  spongy  structures  are  af- 
fected almost  at  once.  Dense  vitrified  structures  suffer 
gradual  change;  sometimes  several  hours  of  continuous  re- 
duction will  still  fail  to  penetrate  the  center  of  a  mass. 

This  reaction  is  exceedingly  common  among  producers 
of  vitrified  wares.  If  the  reduction  occurred  late  in  the 
burn,  during  the  flashing  or  salt  glazing  process,  it  very 
frequently  shows  as  a  blue-black  ring,  extending  in  an  eighth 
or  a  quarter  of  an  inch  from  the  surface,  and  surrounding  a 
bright  red  core.  Sewer  pipes  especially  are  prone  to  ex- 
hibit this  phase,  owing  to  the  sharp  pushing  of  the  fires 
during  the  salt  glazing,  which  is  itself  a  reducing  reaction. 

Figure  5  shows  several  samples  of  this  change.  The 
piece  on  the  left  is  a  sidewalk  paver,  which  has  been  re- 
duced  from  a  yellowish  buff  to  a  blue  black,  on  one  side  and 
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edge  especially.  The  other  surfaces  were  somewhat  pro- 
tected. The  next  piece  is  from  a  buflF  sewer-pipe.  The 
interior  surface  shows  the  heaviest  reduction,  and  the  ex- 
terior surface  shows  a  lighter,  but  distinct  black  ring.  The 
next  two  pieces  are  parts  of  hollow  building  block,  made 
from  a  clay  which  burns  pale  red.  The  blue-black  color 
has  proceeded  half  way  through  the  piece.  The  piece  on 
the  right  is  a  paving  brick,  of  which  only  about  one  third 
still  retains  its  bright  red  color.  The  blackening  has  gone 
in  nearly  an  inch  from  every  surface. 

The  permanence  of  such  a  reaction  depends  on  the  de- 
gree of  vitrification  attained.  If  the  ware  be  porous,  the  re- 
duction is  ephemeral,  being  replaced  by  oxidation  with 
equal  ease.  In  short,  while  porous,  the  colors  may  be  made 
to  fluctuate  with  each  firing,  if  the  burner  wishes.  But,  as 
the  ware  gains  in  vitrification  and  becomes  impervious  ta 
gas  flow,  the  colors  become  slower  to  create  and  slower  to 
replace. 

The  effects  of  this  reaction  on  the  strength  and  value  of 
the  ware  are  not  good.  The  black  ferrous  silicate  does  not 
seem  to  be  as  strong  or  durable  a  body  as  the  red  ferric 
compound.  Paving  brick  which  are  thus  blue-skinned,  or 
smoked,  usually  wear  badly  for  a  time  at  least,  the  black 
crust  breaking  off  in  brittle  spalls^  showing  the  red  beneath 
like  an  open  wound.  When  shale  pavers  first  began  to  be 
used,  city  engineers  frequently  went  far  beyond  their  prov- 
ince in  specifying  the  exact  color  which  they  would  require 
a  brick  to  be,  and  many  brick  makers  learned  to  put  a  blue 
exterior  in  a  red  brick  to  meet  just  this  kind  of  demand.. 
The  results  were  bad  and  the  practice  has  now  been  gener- 
ally discontinued.  Enough  of  such  brick  are  produced  by 
accident,  without  having  recourse  to  intention. 

In  wares  like  sewer  pipe,  however,  which  have  no  wear 
to  endure,  this  change  in  color  and  loss  of  strength  are 
much  less  prejudicial.  But,  if  the  black  color  be  produced,, 
another  form  of  the  same  reaction  is  very  likely  to  alsa 
take  place,  which  is  very  prejudicial  indeed.  I  refer  to  the 
formation  of  bubbles,  pimples,  eruptions  etc.  on  the  surface 
of  the  wares. 
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Sewer  pipe  and  conduit  makers  have  no  more  trouble- 
some defects  to  overcome  than  this  bubbling.  Paving  brick 
makers  suffer  less,  but  face  brick  makers,  especially  those 
making  flashed  bricks,  are  very  subject  to  it.  No  one  likes 
to  see  an  otherwise  smooth  clay  product  covered  with  little 
pimples  or  ragged-edged  blisters  of  black  slag. 

The  cause  of  this  slag  is  the  same  as  that  of  the  blue- 
black  coloration.  It  comes  however  from  the  occurrence 
of  the  iron  in  the  form  of  concretionary  grains.  These 
masses  of  iron,  while  they  remain  ferric,  will  not  readily 
combine  with  the  clay.  The  writer  has  seen  a  case  where 
grains  of  iron  were  still  unfused  in  a  buff  face-brick  burned 
at  cone  8.  The  firing  was  done  with  natural  gas,  and  the 
kiln  atmosphere  was  perfectly  oxidizing  throughout  the 
burn.  The  clay  had  blue  stoned,  but  the  iron  had  not  slag- 
ged in  the  least. 

But,  let  the  atmosphere  become  reducing  and  these 
grains  rapidly  change  to  ferrous  oxide.  This  oxide  readily 
unites  with  silica  or  clay  substance,  and  the  result  is  speed- 
ily a  little  pool  of  a  basic  iron  silicate.  It  is  too  basic  to  be 
very  fluid,  or  to  let  gases  escape  from  it  or  through  it,  so  it 
becomes  inflated  and  forms  a  little  bubble.  If  the  heat  con- 
tinues to  rise,  these  in  time  melt,  become  fully  fluid  and 
finally  lie  flat  and  smooth  on  the  surface  as  black  velvety 
spots.  But,  if  the  bubble  be  formed  at  the  maximum  tem- 
perature of  the  kiln,  then  on  cooling  the  wares  are  covered 
with  these  unsightly  eruptions. 

Pig.  6  shows  a  very  bad  case  of  this  reaction  on  a  flashed 
brick.  The  iron  was  excessive  in  amount,  excessively  large 
in  grain,  and  the  cooling  happened  at  just  the  right  time  to 
show  this  reaction  at  its  very  worst.  It  is  on  that  account 
instructive. 

The  remedy  for  this  condition  is  to  avoid  reduction  at 
the  end  of  the  burn.  If  the  fires  are  kept  clear,  the  grates 
kept  clean,  a  certain  amount  of  air  admitted  over  the  top  of 
the  fire,  and  no  heavy  black  smoke  created  in  firing,  this 
pimpling  on  the  surface,  where  due  to  iron,  will  not  occur. 
With  some  fuels  it  is  very  difficult  to  avoid  reduction;  the 
choice  of  a  proper  fire  place  and  the  training  of  the  burners 
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to  fire  frequently  and  but  little  at  a  time,  is  the  remedy  in 
such  cases. 

Development  of  the  Abnormal  Black  Color^  by  Faulty 
Oxidation,  This  reaction  is  not  to  be  construed  as  different 
from  the  preceding  in  so  far  as  the  actual  chemical  pro- 
cess, or  the  character  of  the  black  silicate  itself  is  concerned. 
The  reason  for  its  description  under  a  separate  heading  is 
merely  to  emphasize  the  causes  leading  up  to  its  develop- 
ment, and  to  aid  clayworkers  in  recognizing  the  phenome- 
non when  they  see  it.  It  has  already  been  stated  that  failure 
to  bring  the  clay  to  perfect  oxidation  at  the  lower  range  of 
temperatures^  600  to  lOOO^C,  before  vitrification  sets  in,  is 
one  of  the  most  destructive  errors  commonly  made  in  the 
burning  of  ceramic  products.  It  is  so  troublesome,  because 
it  is  so  insidious.  No  external  evidence  of  the  trouble  is 
shown  till  too  late.  The  process  of  burning  goes  along 
without  a  hitch,  until  the  finish  is  close  at  hand,  and  then  it 
suddenly  shows.     But  then,  it  isjong  past  help. 

There  are  two  reasons  why  a  clayware  which  is  not  oxi- 
dized at  the  proper  time  is  never  oxidized:  First,  the 
porosity  of  the  ware  rapidly  diminishes  as  the  temperature 
rises.  Some  clays  mature  wonderfully  quickly  in  the  tem- 
perature range  between  1000®  and  1100°.  The  majority  of  red- 
burning  glacial  and  alluvial  clays  mature  in  this  short  range. 
Others,  the  shales  and  the  sandier  common  clays,  require 
another  100°  to  bring  them  to  maturity,  and,  consequently, 
still  continue  to  oxidize  with  fair  ease  long  after  the  close- 
bodied,  easily-vitrified  clays  are  past  the  limit. 

Second.  The  composition  of  the  fire  gases  becomes  less 
and  less  fit  to  oxidize  the  ferrous  oxide  as  the  temperature 
increases.  It  has  been  already  pointed  out  that  free  oxygen 
in  large  excess  is  neciessary  to  rapid  oxidation.  But  as  the 
temperature  of  the  kiln  increases,  the  products  of  combustion 
will  stand  less  and  less  dilution  with  free  air  without  becom- 
ing too  cool.  As  the  temperature  reaches  1200°,  it  becomes 
practically  impossible  to  admit  any  excess  air,  or  rather,  the 
combustion  fluctuates  between  oxidizing  and  reducing  with 
each  baiting  of  coal,  so  that  the  average  gas  produced  is  neu- 
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tral.    Where  temperature  of  cone  8  or  above  is  used,  the  re- 
ducing reaction  predominates. 

Where  for  any  special  ware  it  is  essential  to  maintain 
oxidizing  conditions  to  a  high  temperature,  1300^  or  above,  it 
is  necessary  either  to  so  construct  the  firebox  and  bags  as  to 
obtain  a  regenerative  effect  on  the  air  supply,  and  thus  de- 
crease its  cooling  effect,  or  to  use  gas  fuel  or  some  similar 
device.  With  cold  air  and  solid  fuel  it  is  very  difficult,  if  not 
impossible,  to  prevent  occasional  reduction  at  even  1200^  C. 

On  these  two  accounts,  there  is  but  little  probability  of 
the  clay  oxidizing  after  1000°  C.  is  reached.  In  fact,  but 
little  of  account  happens  after  900**  C.  Hence,  for  all  prac- 
tical purposes,  we  may  say  that  when  ware  is  not  oxidized  at 
the  right  time,  it  will  not  be  oxidized  at  all. 

Having  now  established  the  primary  cause  of  the  defect, 
let  us  consider  its  mode  of  operation.  The  central  fact  in 
this  connection  is  that  ferrous  oxide  combines  with  silica 
and  clay  at  temperatures  far  lower  than  ferric  oxide  does. 
Without  at  this  time  discussing  the  final  breaking  down  of  a 
red-burning  clay  by  excess  of  heat,  we  know  that  if  fully 
oxidized  and  red  throughout,  it  will  stand  a  temperature  far 
above  that  at  which  the  black  ferrous  structure  forms  and 
becomes  semi-fluid.  It  is  this  difference  in  melting  point 
which  causes  all  the  trouble.  If  it  did  not  exist,  then  the 
condition  of  the  iron  would  be  immaterial. 

Nor  is  the  mere  fact  of  fusion  in  itself  so  very  disastrous. 
The  final  and  most  troublesome  fact  in  the  whole  series  is 
the  evolution  of  gases  by  the  ferrous  slag.  It  is  a  matter  of 
common  observation,  that  silicates  nearly  always  undergo  a 
scoriaceous  stage  in  fusion.  In  glass  melting  this  is  well 
marked,  and  in  order  to  avoid  its  effects  the  temperature  of 
the  glass  is  run  up  till  it  becomes  very  fluid  indeed.  After  a 
proper  exposure  to  this  temperature,  the  gas  evolution  gradu- 
ally ceases  and  the  glass  settles  back  into  a  clear,  dense  fluid. 

The  same  general  facts  may  be  observed  in  slag  fusions^ 
or  in  any  other  silicate  fusion.  Clay  silicates  are  no  excep- 
tion. When  they  melt,  there  is  every  likelihood  of  a  consid- 
erable evolution  of  gases,  and  these  swell  the  ware  up  into 
spongy,  slaglike  masses,  sometimes  actually  so  light  as  to 
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float  on  water.  The  only  difference  between  clay  and  the 
silicates  is  that  in  the  latter  we  aim  to  produce  fusion,  and 
push  it  far  enough  to  get  rid  of  the  gases,  but  in  clay  we 
never  aim  to  produce  fusion,  and  consequently  only  carry 
our  heating  up  to  the  very  edge  of  this  stage.  Hence  we 
encounter  the  very  beginning  of  the  gas  evolution.  In  a  few 
cases,  the  writer  has  seen  clays  fused  completely  into  solid 
glasses,  free  from  gas  bubbles,  but  it  is  rarely  that  the  over- 
heating is  sufficient  to  produce  this  state. 

The  gases  which  are  evolved  are  not  definitely  known. 
There  are  but  few  which  can  be  counted  as  possibilities.  lst» 
CO2,  from  carbonates,  especially  carbonate  of  calcium,  or 
from  the  gradual  oxidation  of  carbon  still  inclosed  in  the 
mass.  2d,  SO2  or  SOs,  from  the  breaking  down  of  sulphites 
or  sulphates,  or  the  gradual  oxidation  of  sulphide  of  iron  still 
enclosed  in  the  mass.  3d,  H2O,  if  any  could  still  be  present 
as  part  of  a  hydrous  compound  or  a  hydrocarbon  not  thor- 
oughly coked.    The  latter  seems  improbable. 

The  amount  of  gas  evolution  is  a  variable  factor.  It 
depends  on  the  following  conditions:  1st,  the  amount  of 
material  in  the  original  clay  which  is  capable  of  producing 
gas,  I.  ^.,  the  amount  of  carbon^  carbonates  and  sulphides ; 
2d,  the  completeness  with  which  these  substances  have  been 
burned  out  from  the  clay  while  it  was  still  porous  ;  3d,  the 
amount  of  overheating  after  the  gases  begin  to  come  off. 
The  worst  clays  to  deal  with  are  those  which  contain  car- 
bon, carbonates,  sulphides  and  iron,  all  together.  Such  a 
composition  is  a  fatal  handicap  to  profitable  manufacture. 
But  it  must  be  remembered  that  the  actual  volume  of  the 
gases  set  free  may  be  a  very  trifling  amount,  and  still  be  cap- 
able of  working  a  great  injury  to  the  ware.  The  gases,  as 
soon  as  they  are  set  free,  expand  with  each  increase  in  tem- 
perature and  become  worse  in  their  effects  thereby. 

The  time  of  the  gas  evolution  depends  somewhat  on  the 
clay  itself.  Beyond  a  doubt,  every  silicate  has  its  own  form* 
ation  temperature,  and  before  this  is  reached,  it  is  innocuous. 
These  clay  silicates  have  not  yet  been  studied  so  carefully 
as  to  enable  us  to  say  anything  on  this  head.     But,  the  sili^ 
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cate  formed  will  depend  on  the  composition  of  the  clay,  and 
it  is  quite  likely  that  several  silicates  form  and  dissolve  one 
in  the  other,  producin};  a  slag  whose  melting  point  as  a 
whole  is  referable  to  no  single  silicate.  Thus  a  clay  of  fine 
grain  and  high  in  nnxes  may  blacken  and  swell  very  much 
earlier  than  another  of  coarse  grain  and  low  in  fluxes.  But 
in  both,  the  same  general  relation  between  the  blackening  of 
the  ferrous  core,  and  the  breaking  down  of  the  oxidized 
exterior  seems  to  prevail.  That  is,  the  red  oxidized  por- 
tion of  one  clay  may  break  down  from  excess  of  heat,  before 
the  black  core  of  another  clay  may  begin  to  swell,  showing 
that  black  coring  is  a  phenomenon  which  is  consistent  with 
its  own  clay,  but  not  comparable,  clay  with  clay.  In  gen- 
eral, the  defect  becomes  evident  just  prior  to  the  normal  fin- 
ishing of  the  kiln.  The  red  portion  of  the  ware  is  usually 
approaching  its  best  strength  when  the  black  portion  be- 
comes so  scoriaceous  as|  to  attract  attention  by  the  change 
in  shape 

Allusion  has  been  made  incidentally  in  many  places  in 
the  foregoing  pages  to  the  effects  of  this  gas  evolution.  In 
brief,  they  involve  a  swelling  or  bloating  of  the  black  ferrous 
portion,  and  a  sufficient  stretching  of  the  surrounding  red 
portion  to  accommodate  the  change  in  volume.  Naturally 
the  extent  of  this  bloating  depends  on  the  amount  of  gas 
liberated,  the  increase  in  temperature  after  liberation,  and 
the  structure  of  the  red  portion  of  the  body.  If  the  latter  is 
porous,  the  swelling  will  be  slight  or  unnoticeable.  If  it  is 
dense  and  impervious,  the  swelling  will  be  very  severe.  The 
action  is  exactly  that  of  yeast  in  a  loaf  of  bread,  except  that 
it  proceeds  from  a  central  focus  instead  of  throughout  the 
structure  equally.. 

The  practical  range  which  this  troublesome  defect  may 
take  in  claywares  is  very  great.  Figure  7  shows  two  bricks 
split  longitudinally,  illustrating  a  very  bad  case  of  deforma- 
tion. The  red  terric  shell  is  about  one-half  inch  in  thickness 
on  the  sides,  thicker  on  the  ends  and  comers.  The  black 
spongy  core  has  generated  such  a  volume  of  gas  that  it  has 
created  large  cavities  between  it  and  the  exterior.  These 
bricks  were  made  from  a  carbonaceous,  pyritiferous,  ferrous 
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shale,  by  the  stiff-mtid  process.  Even  this  does  not  repre- 
sent the  maximum.  Cases  have  come  under  observation 
where  the  clay  has  bloated  up  to  three  or  four  times  its 
original  volume. 

A  more  moderate  phase  of  the  defect  is  shown  in  Pig.  8. 
On  the  right  is  a  piece  of  red  sewer  pipe.  The  blue  core  is 
here  about  one-third  of  the  cross  section,  and  the  gas  evolu- 
tion has  been  small.  Consequently,  the  ware  is  not  swollen; 
but  it  is  weak  and  brittle.  There  seems  to  be  a  very  distinct 
difference  between  the  physical  properties  of  the  blue  and 
red,  because  the  ware  is  invariably  weakened  by  a  blue  core,, 
even  when  the  vesicular  structure  is  microscopic.  This  con- 
stitutes one  of  its  chief  disadvantages;  swollen  wares  can  be 
picked  out  and  discarded.  But  when  they  are  merely  blue- 
cored,  their  unsoundness  only  develops  by  use.  After  the 
failure  has  come,  we  see  why  it  came.  But  that  does  not 
guard  against  its  recurrence. 

The  piece  next  the  right  is  a  beautiful  example  of 
change  in  color,  without  swelling.  It  is  from  a  drain  tile^ 
made  of  a  tough  fine-grained  alluvial  clay,  which  would 
ordinarily  speaking  be  called  perfectly  safe  from  such  de- 
fects. The  piece  was  burned  in  about  24  hours,  wnich  ex- 
plains the  trouble.  The  two  small  pieces  next  the  left,  are 
trial  pieces  burnt  by  students.  They  show  the  contrast  in  a 
buff  clay  very  prettily,  and  also  show  slight  swelling.  On 
top  of  them,  is  another  small  trial  piece,  in  which  only  a  faint 
blue  core  shows — ^no  swelling.  The  brick  on  the  left  shows 
a  dry-press  product,  made  from  a  fire-clay  containing  some 
carbon.  It  has  not  swollen,  but  the  brick  was  so  weak  as  to 
be  rejected  from  use.  In  other  instances,  this  defect  may 
represent  merely  a  faint  blue  line  or  spot  in  the  thickest  and 
best  protected  portion  in  the  ware.  In  such  cases,  its  power 
to  do  harm  is  small. 

Summarizing,  we  may  say  that  failure  to  oxidize  the  clay 
to  the  center  at  the  proper  time,  usually  results  in  the  failure 
to  oxidize  later.  The  ferrous  oxide  thus  left  forms  a  fusible 
silicate  at  a  temperature  when  the  well  oxidized  exterior  is 
only  becoming  well  vitrified.  This  fusible  silicate  evolves 
gases,  in  greater  or  less  volume,  which  tend  to  swell  the 
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ware.  In  cases  where  the  amonnt  of  fusible  silicate  is  small 
or  the  gases  are  not  abundant,  the  discolored  core  does  not 
swell,  but  weakens  the  product  by  unequal  expansion  and 
contraction. 

Bbu  Staneingj  or  the  Normal  Change  in  Color  by  Increase  in 
Temperature.  With  this  phenomenon,  every  clayworker  and 
many  ordinary  observers  outside  of  the  clay  industry  are 
familiar.  With  its  cause,  few  if  any  can  claim  knowledge. 
The  writer  acknowledges  that  it  has  gone  no  farther  than 
speculation  with  him. 

The  brick  shown  in  the  bottom  row  in  Fig.  9  are  red 
burning  paving  brick.  All  are  thoroughly  vitrified  in  the 
usual  sense  that  clayworkers  use  this  term.  None  of  them 
would  absorb  more  than  a  fraction  of  a  per  cent,  of  water. 
But  the  left  hand  one  is  red  as  liver,  the  middle  one  is  a  dark 
red,  almost  a  chocolate,  and  the  third  is  of  a  purple  or  violet 
color.  In  the  upper  row.  on  the  left,  is  a  buff  fire-clay  brick; 
next,  the  same  changed  to  a  soft  blue-gray  tint,  and  on  the 
right  a  darker  purple-gray.  None  of  the  six  samples  are  in  the 
least  swollen  or  vesicular.  None  are  reduced  by  gases  work- 
ing on  the  interior  or  exterior.  They  have  simply  changed 
color  by  increase  of  temperature,  being  maintained  all  the 
while  in  oxidizing  conditions. 

It  is  easily  possible  to  overburn  either  of  these  clays, 
but  in  the  ordinary  acceptation  of  this  word,  these  clays  are 
not  overburned.  Their  strength  and  hardness  and  density 
are  about  uniform  throughout  the  series.  A  small  increase 
of  temperature  would  bring  an  abrupt  and  marked  physical 
change  in  both  of  the  right  hand  specimens,  which  will  be 
described  later  on. 

What,  then,  is  this  mysterious  change  in  color.  The 
writer  believes  it  is  the  preliminary  stage  of  that  breaking 
down  by  which  the  ferric  oxide,  or  ferric  compound,  what- 
ever it  may  be,  is  converted  into  ferrous  oxide  by  the  super- 
ior energy  of  the  silica  and  formed  into  a  ferrous  silicate. 
This  reaction,  if  there  is  such  a  one,  is  brought  into  fall 
completion  during  fusion,  and  its  further  discussion  will  be 
deferred  till  that  topic  is  reached. 

The  alternative  proposition  to  which  we  are  driven  is 
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that  advanced  by  Se}2;er,  who  thinks  that  the  increasing 
density  of  the  ferric  oxide  as  the  temperature  mounts 
higher,  is  sufficient  to  explain  all  these  shades  between  light 
red  or  buff  and  violet  black.  He  does  admit  that  ferric  and 
ferrous  oxide,  in  different  proportions,  may  cause  a  wonder- 
ful variety  of  tints.  No  one  would  oppose  this  statement. 
But,  the  question  arises,  how  could  a  densely  vitrified  mass 
of  clay  like  a  brick,  being  heated  in  purely  oxidizing  atmos- 
phere, generate  any  such  mysterious  mixture  of  ferrous 
and  ferric  oxide,  after  it  has  once  safely  passed  the 
oxidizing  period? 

Whatever  its  cause,  all  clays  show  this  phenomenon  to 
a  greater  or  less  degree.  Sometimes,  as  in  the  limy  clays, 
the  transition  from  vitrification  to  fusion  is  very  short.  But 
in  its  traverse,  however  short  or  long  it  may  be,  this  myste- 
rious, delicate  change  of  color  comes.  It  must  not  be  con- 
founded with  any  of  the  oxidation  or  reduction  phenomena 
discussed  heretofore. 

Reoxidation^  or  Flashing,  This  topic  has  already  '  been 
discussed  by  Bleininger  and  others,  and  will  therefore  receive 
but  a  word  here.  It  has  been  shown  that  where  a  clay  is 
frequently  subjected  to  alternate  oxidizing  and  reducing  con- 
ditions, that  it  shows  a  change  in  color,  which  is  superficial 
if  the  ware  is  vitrified  and  dense,  and  entire  when  the  ware 
is  porous.  This  color  is  that  produced  by  ferric  oxide,  only 
darker  and  stronger.  In  a  buff  clay,  it  is  golden,  russet  or 
brown.     In  a  red  clay,  it  is  chocolate  or  almost  black. 

It  has  been  shown  that  this  color,  cannot  be  developed 
by  a  continuously  oxidizing  burn.  It  requires  reduction,  foU 
lowed  by  oxidation,  to  develop  it.  The  more  times  this  change 
occurs,  the  more  brilliant  the  color  and  the  easier  it  is  to  de- 
velop. It  also  requires  that  the  reoxidation  shall  be  as  well 
marked  as  the  reduction.  A  cooling  under  reducing  condi- 
tions, or  a  very  short  or  sudden  cooling,  leaves  the  ware  in 
its  reduced  or  ferrous  color. 

These  facts  are  now  well  in  hand  and  of  commercial  use 
among  the  numerous  class  of  clay  workers  who  are  producing 
flashed  brick,  and  similar  wares.  I  propose  to  dwell  for  a 
moment  on  another  phase  of  the  subject  which  is  never  pro- 
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duced  with  intention,  which  is  counted  a  defect,  and  which 
is  generally  not  comprehended  by  those  who  encounter  it. 

The  two  bricks  shown  in  Pig.  10,  were  made  for  bu£f 
bricks.  But  in  the  center  of  one,  and  on  the  side  of  the 
other,  is  a  zone  of  distinctly  pinkish  color,  quite  widely  differ- 
ent  from  the  clear  cream  color  of  the  rest  of  the  ware. 
These  pink  spots  were  reduced  in  the  burn,  but  not  by  gases 
and  under  the  burner's  control,  as  in  flashing.  They  were 
reduced  by  the  carbon  in  the  clay  itself,  which  was  in  a  way 
fixed  or  ''set*'  in  the  clay  by  too  sudden  heating.  It  is  not 
unlike  the  way  that  a  dye  sets  in  a  fabric  under  the  influence 
of  a  mordant. 

Carbon,  especially  that  of  the  bituminous  type,  is  very 
difficult  to  handle.  It  is  apt  to  catch  fire,  and  raise  the  heat 
too  fast.  Or  it  is  likely  to  decompose,  or  ''crack,"  and  de- 
posit a  fine  coke  in  every  pore  of  the  clay,  where  it  can  only 
be  burnt  out  with  the  extremest  care  and  plenty  of  time. 
But,  by  slow  firing,  by  cutting  o£f  the  air  supply,  by  use  of 
grog  or  grit  in  the  body,  and  similar  means,  this  may  be 
overcome  or  avoided. 

If  carbon  is  once  allowed  to  remain  in  the  clay  till  a 
good  red  heat  is  reached,  then  its  effect  is  inevitable.  It 
will  reduce  the  iron.  If  this  be  carefully  reoxidized  the 
black  core  may  be  obviated.  But,  the  reoxidized  iron  will 
no  longer  take  the  same  color,  as  the  exterior  shell.  It  takes 
the  redder,  stronger  tint  instead.  Thousands  of  face  brick 
go  for  seconds  every  year  on  account  of  this  defect,  which 
could  be  avoided  by  a  little  more  care  or  a  little  more  under- 
standing of  this  simple  fact. 

Phenomena  Occurring  after  Vitrification  or  by  Reason  of 

Excessive  Heat. 

The  natural  end  of  the  heating  process  is  fusion.  But 
clayworkers  only  push  their  process  to  this  extreme  by  acci- 
dent. In  the  very  large  majority  of  cases,  the  substance 
produced  by  the  fusion  of  the  clay  as  a  whole,  is  distinctly 
refractory.  That  is,  it  does  not  melt  readily,  compared  to 
slags,  glasses,  and  other  artificial  silicates.   On  this  account, 
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clays  generally  pass  from  vitrification  into  fusion  by  slow  and 
insensible  stages.  This  quality  is  very  necessary  to  satisfac- 
tory clay-burning.  Where  the  temperature  interval  is  short, 
as  in  the  limey  clays,  they  become  very  "unsafe,"  i.  ^.,  the 
burner  must  pay  the  penalty  of  the  least  excess  of  heat,  with 
a  lot  of  fused  and  worthless  ware. 

The  stage  known  as  viscous  vitrification  is  the  form  of 
overburning  shown  in  the  great  majority  of  cases.  The 
limits  of  this  state  are  defined,  first,  by  the  point  where  the 
clay  ware  is  no  longer  able  to  resist  the  pressures  which  it 
has  to  endure  under  normal  kiln  conditions ;  second,  when 
the  ware  is  unable  to  endure  its  own  weight  and  sinks  out  of 
shape  by  gravitation  alone. 

In  dealing  with  different  products  the  setting  is  man- 
aged on  so  widely  different  plans  that  normal  kiln  pressures 
are  not  comparable.  A  paving  brick  carrying  the  weight  of 
thirty  superincumbent  courses  is  certain  to  sink  out  of  shape 
far  earlier  than  a  piece  of  pottery  in  a  saggar.  Therefore 
viscous  vitrification  does  not  mean  the  same  stage  of  fluidity 
in  different  products. 

In  no  clay  do  the  whole  mass  of  the  minerals  arrive  at 
fusion  simultaneously.  In  vitrification  we  must  conceive  of 
a  mass  or  skeleton  of  rigid  unfused  minerals  greatly  in  pre- 
ponderance, permeated  by  a  small  proportion  of  fused  sili- 
cate matter.  This  latter  is  enough  to  tie  the  other  materials 
together,  to  render  the  mass  harder  and  stronger,  but  not  to 
cause  it  to  lose  its  shape.  But,  as  the  process  goes  on,  the 
proportions  of  stiff  rigid  matter  and  fused  matter  are  gradu- 
ally reversed.  The  point  at  which  a  ware  yields  to  kiln 
pressure  and  deforms,  therefore,  depends  (a)  on  the  propor- 
tion of  coarse-grained  relatively  infusible,  insoluble  miner- 
als which  will  act  as  the  skeleton  or  frame  to  resist  change 
of  shape ;  {b)  on  the  kind  of  a  solvent  fluid  slag  which  is  at- 
tacking this  skeleton  and  undermining  its  power  to  resist ;  (c) 
on  the  pressure  or  weight  to  which  the  ware  is  subjected. 

The  nature  of  the  breaking-down  process  has  been  dis- 
cussed already,  in  connection  with  black  coring  and  blue- 
stoning.  The  exact  nature  of  the  chemical  compounds 
which  fuse  first,  and  thus  lead  to  a  fusion  of  the  clay  as  a 
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whole,  are  not  known.  It  is  not  likely  that  they  are  the  same 
in  many  cases.  Or,  rather,  that  the  total  number  of  minerals 
which  may  form  in  a  fusing  clay  is  large,  but  that  the  pro- 
portions of  each  in  any  given  case  are  not  likely  to  be  dupli- 
cated by  any  other  case.  It  is  probably  a  case  of  solution  of 
one  silicate  iu  another,  and  in  many  cases  we  are  not  likely 
to  resolve  the  question  of  proportion  in  the  near  future  or  by 
existing  means. 

There  are  two  facts  in  connection  with  the  breaking 
down  of  a  clay  by  heat  which  are  noteworthy,  viz.,  the  devel- 
opement  of  the  vescicular  structure,  by  gas  evolution,  and 
the  change  of  color.  These  two  phenomena  are  not  invari- 
ably manifested,  but  only  in  very  rare  instances  do  they  fail. 
The  clays  which  fuse  most  quietly  are  white-burning  bodies 
using  lime  as  a  flux.  The  writer  does  not  recall  a  red-  or 
buff  burning  clay  which  fused  without  gas  evolution. 

The  explanations  given  of  gas  evolution  in  the  forma- 
tion of  the  ferrous  silicate  at  lower  temperatures  hold  good 
here  only  in  part.  The  chief  difference  is  in  the  quantity 
and  nature  of  the  gas-forming  substances  still  left  in  the 
clay.  Water  and  probably  CO2  are  now  ruled  out.  The 
clay  having  been  thoroughly  oxidized  and  thoroughly  vitri- 
fied, is  supposed  to  contain  nothing  further  combustible  or 
readily  volatile.  There  are  two  other  sources  of  gas  remain- 
ing; first,  SOs,  from  the  breaking  down  of  sulphates,  which 
are  known  to  resist  decomposition  much  more  tenaciously 
than  carbonates  or  any  other  salts  found  in  clays ;  second^ 
oxygen,  derived  from  the  breaking  down  ot  Pe208  to  2FeO, 
before  passing  into  silicate  combination. 

TAe  Vesicular  Structure  Produced  by  Sulphates.  Beyond  a 
doubt,  this  swelling  is  a  common  and  important  cause  of  the 
breaking  down  of  clays.  In  Pig.  11  are  shown  two  cases. 
The  fireclay  brick  has  become  minutely  cellular,  and  has 
increased  in  all  dimensions  about  equally.  Fusion  has  not 
set  in ;  viscous  vitrification  is  admirably  represented.  But 
the  brick  has  lost  its  hardness,  strength  and  density  to  a 
considerable  extent.  Its  color  has  not  materially  changed. 
This  seems  a  typical  case  of  sulphuric  acid  swelling. 

The  red  brick  is  a  dry-pressed  ware  made  from  a  pyrit* 
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eferous  clay.  It  has  swollen  much  more,  and  less  regularly 
than  the  other.  It  is  fused,  rather  than  in  the  stage  of  vis- 
cous vitrification.  It  also  has  lost  strength,  hardness  and 
density.  Its  color  has  changed  somewhat,  but  is  still  red. 
The  entire  absence  of  darkening  in  the  center  proves  that 
the  clay  has  been  fully  oxidized.  Moreover,  its  heating  has 
been  but  little  above  the  point  of  complete  vitrification.  The 
other  end  of  the  same  brick  was  sound.  This  also  seems  a 
clear  case  of  sulphuric  acid  swelling. 

The  Oxygen  Hypothesis.  The  two  cases  above  have  been 
picked  out  as  unusual.  Ordinary  claywares  blacken  exten- 
sively in  fusion.  And  their  swelling  occurs  with  and  in  pro- 
portion to  their  blackening.  This  seems  a  significant  fact. 
While  red  or  buff,  analysis  demonstrates  their  iron  to  be 
ferric.  But  after  this  breaking  down  and  blackening,  it 
shows  it  to  be  ferrous.  This  change  has  occurred  progres- 
sively from  outside  to  inside,  as  the  temperature  is  taken  up 
from  the  gases  surrounding  the  ware. 

It  is  hardly  possible  to  explain  this  sudden  change  by 
reduction  by  gases,  which  we  know  operates  so  frequently  at 
lower  temperatures.  This  might  happen  slowly  and  gradu- 
ally, if  the  gases  were  persistently  kept  reducing.  But  how 
could  these  gases  penetrate  a  dense  vitrified  structure  and 
reduce  its  iron  in  a  few  minutes?  And  yet  a  few  minutes  of 
overheating  is  enough  to  cause  the  change. 

The  writer  has  long  held  the  opinion  that  this  change  in 
color  and  in  structure  has  its  explanation  in  the  breaking 
down  of  the  ferric  oxide,  into  ferrous  oxide,  with  evolution 
of  oxygen.  This  theory  accords  with  all  observed  facts,  so 
far  as  they  are  at  hand;  its  sole  weakness  is  the  hypothetical 
breaking  down  of  the  Fe208  without  the  aid  of  a  reducing 
agent.  This  has  seemed  improbable  to  many  to  whom  it  has 
been  suggested.  But  there  are  many  other  instances  of 
oxides  breaking  down  by  heat  alone.  If  this  hypothesis  is 
ultimately  proved  to  be  true,  it  only  adds  another  oxide 
to  the  list. 

It  will  lead  too  far  to  discuss  the  whole  question  of  the 
existance  of  ferric  silicate  at  this  point.  But  we  know  at 
least,  that  ferrous  silicates  are  easily  made  synthetically  and 
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that  ordinary  technical  and  indnstrial  work  does  not  offer 
similar  illnstrations  of  ferric  silicates.  The  breaking  down 
of  the  iron  under  stress  of  high  temperature,  and  the  action 
of  silica  in  immediately  forming  the  black  silicate,  seems  to 
more  adequately  explain  the  observed  facts  than  any  other 
theory  yet  advanced. 

In  the  preceding  pageSi  the  writer  has  marshalled  the 
principal  facts  concerning  the  behavior  of  iron  in  clay  burn- 
ing as  they  have  appeared  to  him.  In  closing,  he  wishes  to 
repeat  the  opening  remarks,  to  the  effect  that  there  is  much 
more  of  opinion  than  research  in  the  paper.  If  it  suffices  to 
show  the  very  numerous  gaps  in  our  exact  knowledge  of  this 
important  and  fascinating  subject,  and  inspires  in  the  mind 
of  any  the  desire  to  unravel  any  one  of  these  problems,  it  will 
have  answered  its  purpose  well. 


NOTE  BY  THE   8BCBBTABY. 

The  foregoing  paper  was  delivered  at  the  Boston  meeting  in  the 
form  of  an  address.  Since  that  time,  it  has  been  extended  and  con- 
siderably changed  in  method  of  presentation.  In  view  of  these 
change»,  it  has  been  thought  best  not  to  print  the  discassion  which 
ooourred  after  the  addreas,  bat  to  specially  request  those  who  spoke 
at  that  time  to  formulate  their  views  in  detail  and  send  them  in  in 
writing  for  publication  at  a  later  time. 
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